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(54) MASS SPECTROMETRY AND DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an identifying 
method of a candidate parent ion suitable to identify the 
candidate parent ion in a real time and to use for a 
chromatography. 

SOLUTION: An improving method of a parent ion 
scanning is disclosed. In one embodiment a quadruple 
mass filter 3 of an upstream of a collision cell 4 is 
arranged to work in a high pass mode. The parent ion 
passed the mass light filter 3 is fragmentized by a 
collision cell 4, and is discovered by an orthogonal type 
time of flight analyzer 5 to acquire daughter ion spectra. 
Ions having mass/charge ratio of not more than cutoff 
value of the mass light filter 3 are identified as the 
daughter ions, and the candidate parent ion is 
subsequently discovered, and by acquiring corresponding 
daughter ion spectra, their identifications can be 
confirmed. In the first embodiment, because the collision 
cell is switched in alternation in a space of a high or low 
fragmentation, and further, the candidate parent ion can 
be identified based on a dissipation of a prescribed ion or a 




neutral particle. 
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[M*J1 1 1 tt»*r*tt-C«)ot, 

7>f*> hitZtiXfaJ *>&&&ir £S£ 1 <7)^- K-C 
ii^ti677^^ > Mb#© (4) fc, fftiE7^/u* 10 

(4) *a 9 ftJtfc««^ < 
5Mfrt3 IS 

t>w^< <t fc— «M';*-^£ LT|i]£-f5IS 
U 

ffi:frifctiWc, fliiIEloJ^±<7)((6^^>^ioa±co^T 20 
£<7)*IK jj-v^-Srt-S/j^^^feftSi-SiaSr*^., 
hijE 1 oj£JL±</)J6>f 7h>75> l o^±w3f36^>*^ t>ic 

fiftf? ^ /u* y > ^$ixfc-< w 9 ^tuf£^ 1 
K«t <9 l)t»'>/j:i^77^7 > Mb £ ft* 8 2 
«*~K"C, m&.7 7'/*>\*it^& (4) «rftfts$-ti; 

(4) Srii9ftltfciflE-<*v^'><C< 
»*rt* SIS*, 30 

[»#«3] HMPll *fctt2IE«wMrfMfr#*T' 

se^tff^s^iisiett, siwst^n/^i&ii 
tssweiatt, i2f)ft^^ h/^mtsis 

> Mfc3M£ (4) feii»)ft«-tfcl»E'f 3t-^<0 9 

fcfc-*BJS:ir*»«f+s«HEia<oa, hme^** 
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(4) £ftfls£-fr6lS*, 

mtz7 7'//> hit^& (4) £®i9fettfcHftiE-r*> 

[*MtJf 7 ] If^ri 6 iEttWftfi^tff * j£T'foo T, 
0-r^>W^S*|fWJC|W|E7 7^>Xhfk¥a! (4) 

{-iiJiii-aJ: nM&»2wteKasgJR$*i, xJi 
( i ) 0. 5, ( i i ) 1 . 0, ( i i i ) 2. 0, 
( i v) 5. 0, (v) 1 0. 0, (v i ) 1 5. 0, 
(v i i) 2 0. 0<7)y'/u-y^6iiJR£;frx5, *Tffi. 

liMr^fcot, HufE>f^y^ (1) li, (i) i 
i/nn^^W^tvi, (i i) *«JEffc*-f 

fkicis^*^ (i i i) -^hy^xiau— y«i 
9 ] it *js s Etw«»iif^ft-c*,o r . 

BUIE^^^R (1) ^^7^77^1; 

[I^jRiI 1 0 ] If #rl 1^P17 <m ^-f n^-tcia^^ 
M^fet'fcot, HiJfS-< "$r>M (1) tt, (i) 
«*«»>T3*-^«i, (i i) {£¥4*>fc\Cji&'(*> 
(i i i) "7 -f— /UK^3i->fb(cJ:6^^^ai, O 
^u-^j»ibiltR*tL6, 77-fc 

1 1 1 n*ii 1 0 e««w*#w#fe-cfeo 

T, flUt£-f^->^ (1) (C^-LT, ^^7^77 

[B#* 1 2 ] ffl#rS l/ji^Ll 1 ^ £ tt/0^{cEte 
OftM*^-Cfcot, WS£Kfi»«fIS*4, ( i ) 
MMHk^-f/u*, (i i) ^tfB#F B 1§2irft^#f§§, 

( i i i ) h7^ ( i v) fll»i!Ri:^«f 

S§, (v) 7-^xt^t>t^^hn>« 

( TFT I CRJ ) «S#tlf3^ W^/U-"/d»P>»«S 
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2WI5>r:*>**U'>X (3) , »*L<ttHMf 

[»*JI l 4 ] tt*« l 3K«wJMt»«r*ft-eibo 

tflte&9t*M*>1t¥i' % sX (3) Ic^^m^irK^ 
«ffwFi#£flW&-rsia«r*tr, 

1 5 ] M*if 1 3 *fcl± 1 4 !E*<D«#*f 

«rae*K*-r^>**^y^ (3) nwiw 

[W#*I 1 6 ] !ft*Jf 1 5lB«Wjtfi»W*JSfe-C*>o 
t\ ttfiff 1 (i) 100, ( i i ) 1 5 0 / 

( i i i ) 2 0 0, (i v) 2 5 0, (v) 3 0 0, 
(v i) 3.50, (v i i ) 4 0 0, (v i i i ) 4 5 
0, (i x) 5 0 0, <7>^A— :/rt^iI}R£;ft,6, U 

im^m 1 7 ] tmm 15^^16 mmmm^ff 20 

*St'*>oT, 

om^m^mxh^x, 

m^jv/y hit^© (4) ( i) rafiffipy k 

t-yK ( i i ) Afiffip y Kir yK ( i i i ) AS 
mo y K-lr y K ( i v) fiy^^ty K tnVf^ 

y'ii^mfoZMzffi^^ztts. urn, 30 
r, 

im>m 2 0 1 m*4 1 8 1 9 i&ttwRir^tff 

M(C, 1 0'< frb lO-'mbar W«6H, » : £ L < (4 1 

o- 3 /j^io- 2 mbar <ntftMfa<nE.t)X\ BWBffft-fe 
/MCK38#*£«|&1 A Sia«r£tr, 

2 1 ] M*4 18, 1 9 Sfctt"2 0 tC|E«C0 40 

[it^i 2 2 ] tmm i4^L2i m ^-rtiMz&m 

P0 3 --f ^>«r*tf«iesK, (i i i) #S<?)^tL 



IS*** 2 3 ] ffjfcrl l/il/>L2 2W % "F4xjW£l&tt 

Mfl&Jffl KT*huIE7 7^^ > Mfc#© (4) trft 

(PS-drSXatt, (i) 15VJ£JLh, (i i) 2 0VJUJL 
±, ( i i i ) 2 5 VJ^±, ( i v) 3 0 VJ£JUb, 
(v) 5 OVJ^X, (v i ) 1 0 0 V#±, (v i i ) 
1 5 0 V £JUt, (vi i i) 2 0 0 V0Lb, W *ftl>—-7 

■*^3i«*iifc«ffi*flwa77^/>hfb^a (4) tc 
[M3R1K2 4 ] n*xi i 2 3 wv>r axA^ciaft 

HftiE*2 0ve— KT*BfjfE77^^ > Mk^S (4) £f] 
f^-fr^Ilfi, (i) 5VJ£JIT\ (i i) 4. 5V£A 
T\ ( i i i ) 4 VJ^T, ( i v) 3. 5 

(v) 3 VJ^T, (v i ) 2. 5 VfiTF, (v i i ) 2 
V^T, (v i i i) 1. 5VUT, (i x) 1 VJ£A 
T, (x) 0. SVUT. (x i ) HH^iCO V^.CO'/ ' 

(4) {ctft!$1-6XfI£^tr, 

[«*JI2 5] fiM^t'fooT, 
-Ta-^fcirtl-S-f a-^jR (1) Srgfmsxa*!:* 
l 0 Ofrb 5 o o *"CwS£fflw® l cofiJ: •) 

Id, HufE Y^v^v^/u^'jy /-f 5 xfM t , 

<k^& (4) ic, mjfE^^/i-^ >^^ti/c^^>^r^ 

(4) $rii«9fe(ttBnE^^^O'>^< t h-^^m 
iufe^ l WIS* 0 t/h$^**/*»tt:t:*otftffiS 

nfc-r?i->co'>^< t *>-**:, m^-A-ytLxmm-r 

ME 1 oWlwi^ l oKiwBfeo*^ * >(c 
Ktr, qfjte^7^^> bit*® (4) 

xat, 

W«E*2«*--K"Cl(i*-*-Sl»IE7 7/^> bit*® 

(4) 9 fttt^WE'r t t-w^Hs 

**>&£.flLirZ>1t*><D'(*>>m (l) 
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^^l-Sfc*^***^*^**^^^ (3) <b, 

77^>Mk*a (4) t'fcot, m^yvtw 
fk^s (4) i-j;or^tt^^n/ k cHufs^^>w'>^< 

£ t>-»#-7 7 v M^ftfcH t>?rMt6i 1 
^> Mfc^S (4) 

HtjfE^ 1 go*-- K^ftAN-*.**^^ > hffc^fk io 
(4) ^ii^fe(t^Huie^^>^>Vj:< £t>-SB£«fi 

^fiO#ft35Sft£$ttt»^, #HEiffl»->*^i*lilffiE l 
ol^lwi^ l ^VUc.omfcon&'t 7t>\c—Wct 
<5*»ff?N&:*SU lttElo^±w«*^*>jSUo&± 20 

ft£L;fc*§£\ ifrEftHfl->x^fi, WIE77^'>>h 
ft^P£ (4) (c£oT£lt&^;ft;fcfftE^*><oi^ fj 
ESS ion™ KJ:*) t,HWW«c>/£^ft75S7 7^^ > h 

>bik^& (4) St^sml, RfjESft#tfrt§(i, Rtjie 

*2W*-K"C»»-*-5ttlE7 7^>>MI:#a (4) 

th 30 
[»*JS 2 7 ] IftjRrl 2 6 fit««»«ftt-C*)o 
T, 

MEHft^WrSli* ( i ) QSttKft? f /u* , ( i 

i ) «fTl*Wa!1lt*»*f», ( i i i ) h7 s/ 

7-, (i v) tt»9f»ft*f«. (v) 

*>-M >;u hp>^p| ( tft 1 crj ) nmfttir 

WL^t%^^rV^V>X (3) ttEgfiffiftft7-fyu 40 
[!ft*ri2 9] itJH:Jl2 6, 2 7 £?cf*2 8ICE*ttf> 

mtt-y^'/t >■ Mb*© (4) f± % ( i ) Min y k 

tyh, ( i i ) Alia ^'t'/K ( i i i ) AS 
ioy KtyK ( i v ) !i y h , w If fir- 

[M*Jg3 0] M*il2 9R«W|t*»«fW-e*)o 
T\ 
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[»#3I3 1 ] J»»«Wt>fooT, 

-r^>^«i-6/c^co^^->^ (l) 

1 0 0*^5 0 o*T-oraw|Bi wttJ: 1 ? *>*#t*Kfl: 
^Il^t^uy?: (3) 

yyV/vbit^ (4) t'foot, 15VJ^±^mffi 
&mu£ti, mUyy7'/ybitm% (4) ic^ogit 
&^nfcMM kt>-m*-7yf* > bit 

Ztixm-t lev 1 w*- Kt'$i)f^ti6 «t 
9lc«BK$<xa^Sixt, 77^>>hfb#© (4) 

(4) M9Sittl|IK^tw>4< H-WM 
rnlEffft^flrim, IfflES l wKJ: U Vh^Wft/fi 

fimjlS 1 o^±co^-f l oJ£JUhwjff£coj|&-< ^> 

±wte-f l oj^±(7)0f^^^^ ^>tc-®:-r6 r 

TW*EE^sppAD$n. HNtE7^^V>hfb^ (4) (C 

i: 9 t^KWJC'>^v^fl:^77^^> hib^HS^2W 
KT-ifctfM-Scfc 9BufS-7^^y y hfb^ (4) 

12-77 ^>Ht4M& (4) Sra«9ttttfc«rie-i'^>(0 
< t fc - 5 J: 9 Jc** $ ttt t \5 , 

Iit*3l3 2] M#Jll/j:V^L2 5W^fji*<Et 

[it*ri3 3] mw^^mxh^x, 

JJrvZSitiL-t&Jj-ym (1) *R«t5ia**^, 
Hie. 

^t>^Mt6IiOT-K^, Mfc*ia>*-KJ: 

S2W*-Kt-e'>/j:< HWt6 7 7^^ > hfk# 
a (4) (c, mjiE^.^>^^6Xfl<b, 

(4) ftiiotfe<tfcirE>r3j->w / >&< t 
WEJ!S2^- VxmtlrZmmyy V* > hfb¥^ 

(4) ^ii«5feitfe«lE^5f->ff)'>^< i t-ffl5$:HS 




( i ) lffli£'>&< 1 1 1 o(7)^-r 1 oj^±co^ 

i) mm'Pte<khi<>(r>tfk'(jr>'bmU'Pte<bhi 

3?fc 0 10 
[ff*rj|3 4] ff*rl3 3 &mc»Km&VrJjmv*>o 

g l w«Hrtw«/««fJt€r»oW 

iiiS^H«Wtc«b$tL5 «t ntim-77?/> bit 
(4) <7)±iftT*BftfS^>£7^7U* y >^-f6X 

[11**1 3 5] 11*113 4ffittC0Rffi#flf#feT'fco 

huIES i wffifflfi^r**)5, 20 

111*113 6] »#*S3 4£fcti3 5lE$c<?>f»##f 

[It*il3 7] It*il3 3/j!V^3 6m*'1 k tliMZK t 

Mem 1 KT'fii^-f 6h^IE7 7 > Hb^a 

(4) «:a»9ftttfc*iE^*>w5 *>'>*< 

-f£X*I£a^ 

mzmiomm*^? h/urteo3£sRa/«i»jfc£#o 

[ft**! 3 9 ] »*JI 3 7 * fcfi 3 8 IE«C0 Jtfifttfr 
[|f*il4 0] imm3 3<C^L3 9</n*-ftlMzfr so 
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(i) huI2'>&< Hlow^ *>AS9fSo*^*> 
£-&-f*:i<t, *>«fctf/ifert:tt, (i i) *HE'>tt< 

1 t> i oco#k ^> ^ gfr§e/>^ <tti orosua^ it 

MIC, 

(4) lciiJiti-SJ;^(c«j«$ti, itufSfg 

tmrtjyt^yqcJ&k (4) coXiifticfc 

(4) feftf^S-frSXSt, 
itufE??^ > Mfc^ (4) £ii9&ltfcfjf£>l'*-> 

[11**1 4 1 ] ff*ri4 0E*W«*»«r*jSfe"C*>o 

o>r^-^w^5l«W(CBfilE-7 7^> > hfk^a (4) 

(i) 0. 5, (i i) 1. 0, (i i i) 2. 0, 
( i v) 5. 0, (v) 1 0. 0, (v i ) 1 5. 0, 
(v i i) 2 0. 0<0^-^ibiI^£tl£K ^fc 
If*rl3 3/x^L4 1 Wt^-fixA^IE 

HfjfE^^->M (1) (i, (i) xi/nn^yu-fty 
(i i) ^MEfb^^-Vfb^J;^,^^^, (i 
i i) h y if«-<^>^> w^/u-y 

[IIM4 3] If*ri4 2»)fM^T'$)o 
*HE^*>aR (1) [:^tlT, »^p-7h^7 7^; 

iot e> * tL^snt*^ , ^6 (c ^ o 

[It*ii4 4] If*rl3 3 4H^U4 1 O^-f n/^lCfE 

miE'f^yjR (1) (i) iri^t>i, (i 

i) fL^^XblCcfc^'Y^-V^ (i i i) -7>r~;u 

w\tMir>m, (1) (c^LX, ^'x^d-v- 
[»**I4 6 ] Ifi*rl3 3 4H>L4 5 on^tlMC-ft 
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7\ (i v) mmmmmttVr®, (v) 

>? p ( TFT I CRj ) SMk#0f 

[ff#ifl4 7] !f#lf 3 4 *^cii 4 0 fc««Lfc»A 
fet'fcot, 10 

[W*il4 8 ] I»*l4 7|E«wWe^tff*feT'*>o 

HUfS^^^^>^U>X (3) (CffiJitt«||L^ig[» 
«fl«ffi#&0t*&-*-*xe££tf. 
[W#JI4 9] St*l4 7*fctt4 SEft^SHKMr 

me*s«^3i->**^>'^' o) tt, it/) 20 

(let >9 i ^wm/mM\£*m^4 irxowm^-t 

[»*JI5 0 ] 11^x14 9fE«W«l:^tff^ife-e*)o 
T, 

HUES! 1 wfltli, (i) 100, ( i i ) 1 5 0 , (i 
i i) 2 00, (i v) 2 5 0, (v) 3 0 0, ( v 
i) 3 5 0, (vi i) 4 00, (vi i i) 4 5 0, 

(ix) 5 0 0W^-y^b3B«Six5, 2f& 0 
[!f#rl5 l 1 »#JS4 9*fcli5 0E«<&R*#tf 

^fet'$)Ot, 30 

«>f^^4rP13e+6mIffiXS(i, WE* 1 w««t •) t,/h 

^vSrl^-f 5Xa£afr, *fe„ 
[If #il 5 2 ] If #m 3 3-51 f^tlcfatwfi 

ME7 7*\*>Mfc^© (4) (i, (i) Sgfiffin-;/ K 
tyK ( i i ) aIId y K-fc y K ( i i i ) AS 
InyKtyK (i v) li^y -yK « 

[M*4 5 3 ] MsftiR 5 2 Etw»»»*St'*)o 40 
T, 

[If^rl 5 4 ] If *JI 5 2itli5 3 ISt^W^ff 

1 0" 3 /rbl O-'mba retail, #£L<f*l 0 " 3 rt* 
fj 1 0- 2 mb a r WfiHrtWEE#t\ «JEW*-fe^t-« 

SS#x£flW&-f5Xa££tf, £fe 
Uteris 5] §f#Jf5 2, 5 3*fcti5 41~-<T(C 
Ett^Sfif>«f #fe-C*> o T , so 
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[MAJf 5 6] ff Jfc^t 3 34t*L5 5W^i"n*»i^E 

*A>fa->\ (i i) yy»fl:^^K**wy^ifc3E 

POa-^^^tPflTHE*, (i i i) »SWH 
t tc J: «9 flWEWseoa^-fc L < ttttEWftwHWO*^ 

[Ii*rl5 7] »#if 3 3ftl^L 5 6 <7H ^-f n^lCfE 

MrEfBlw^-K-ClWrE^^^^^ Mfc#» (4) fc» 
f££lt5Xati, (i) 15VK±, (ii)20VJ^ 
±, ( i i i ) 2 5 VJbi,±, ( i v ) 3 0 VOl:, 

(v) 5 0 VJ^±, (v i ) 10 0 VJ^±, (vi i) 
1 5 0 VEli, (v i i i ) 2 OOVl^i, (Dif^—y 
A»P>a«i*ixfc«JE«:iWE-7 7^y>hfb^S (4) (c 
8«&1-5XSSr^tr, 

[»*al5 8] If #11 3 3-5 7i-^TicE«t^WS 

MEJS2<o^-k-ciWE7 7^7«> Mfc^lH: (4) £®j 
f££i£5Xaii> (i) 5VJ£i,T, (i i) 4. 5VW 
T, (i i i) 4VJ^T, (i v) 3. 5 V£TF, 

(v) 3 VJ^T, (v i ) 2. 5VEAT, (v i i ) 2 
Vl^XT, (v i i i ) 1 . 5 ViUT, ( i x) 1VW 
f, (x) 0. 5VJ^T, (x i) if^COV, ^ 

/u-^^a«*^xfc«E^WE7 7^> > Mb4M£ 
(4) Jc«»i-5XaSr*tf, *fe a 
[If #115 9] ItM^T'feot, 

4*>*£f&~rz<<*>m (i) £t£*i 3 xfi£3^, 
-»^77^> > Mb$ftT*>f 1 ^ 

ti6!2 co^- K t T">ft < t t>ftfls+a 7 7 ^ > h 
fb^a (4) lc, «tE>f*>'«:iS*xai, 
miE« l co^e- K"e»f^+5MfE7 v ^> > Wk*& 
(4) ^ii0tt«ttME^*^v>*< tt)-»*(ta 

»«f-rsxa^, 

(4) ^ii<9tfe^fcHfjf£^^X7)'>^< 
##rf5Xa<t, 

'>/^< Hio(7)^t>t^< HlowSM^f 
^>^fW]^i"5Xacb, 

( i ) ttE / >4< 1 1 1 owSft>T^>^ 1 o^±<DBf« 
oft^^vir-a-TS^^K (i 

i) SftE / >4< i: t> low*>ft>i:»EM< i: fc 1 
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[IS#il6 0] Hfi5>«fH-T-*>oT, 
^*>££$^6£&co^*y$f ( l ) £ , 

■79^^>Hk#l!l! (4) t'fcot, BflfETT^^Vh 

(4) icj:orft»tJfte>ttfc«riE>r^>w^/j:< 

^J^X.^77^^>hf^ (4) <k 10 

(4) feii"9tt(tfcWK>r^>'^>4<i:t,-«BI«:|t» 
IE-77^^> Mfc#& (4) £ii9$mfc1INfe>f 

<HiooiM>{ty^L, (i) «rE'>*< 
+zt>*m\ &±.v/£tztt, (i i) «HE'>*<tt 

1 owl^f t ^f£'>^ < t fc 1 OWftfg^t>^ 

[gf ^rl 6 1 ] Htsfcri 6 0 fe*eofM^«fK**>o 
T , 

«rlE)Ht»«»tt, ( i ) EM«7 ^ /u* , ( i 
i ) «tTl*IBait»»«f*, ( i i i ) >T h 7 5/ 
7\ (iv) UattdtfS, (v) 7-^x» 30 
sJ-y-fr^n hD>^tRft ( TFT I CRJ ) Klc^«f% 

[Sf**l6 2 ] Mt*«6 0 ifcli 6 1 Ett(0|tA^«f 

yn5fc^)#Sf>fty£fi/yX (3) £{fix. 

[§S#rf[6 3] »#*6 2fi«<Oftft»*fW-C*o 40 
X, 

flME***^*^**!^* (3) ttEga««7-fyU 

[i»xi6 4] if #ii 6 o~6 

nh&yy'//>b{\:^® (4) fi, (i) 01in->K 
-tr y k ( i i ) ^gj^n j/Ktyh, C i i i ) AS 
t£n y K-fe y k (iv) KM 'J > /-fe y h , 

[»3R*6 5 ] MAE 6 4lE«wM»«fH-r-fco so 



'tfth 

[»*ii6 6 ] mm^m^xh^x, 

J *>Z$Lf&1-Z>tztt)0U (1) 
yy?*>V\k^& (4) T'^oT, 15VW1(7)1E 
*sHl*DSix, iuE7 7^7>hf^ (4) (cioTS 

rp1-C'^ l 9^x.wife^-77r^^ hfb#^ (4) <k 

(4) zmtfarttimteJ *><o'PK< tt>-tto%ftit 
y^^yhfk^ (4) ^fflijttitfeittia-f 3j-><7)'>3te 

x, 

fuESiMlffi, '>&< 1 fc l oWt>i:'M< 
HiowlilYt^^U (i) mm.'Mte<k 
t> l oco^^ l oa±fl)SSo»>f 3j-> t -ici" 
*5«fctJ</£fcli* (i i) i?ufS'>&< <t fe 1 

[If #11 6 7] |f5Rll3 3 4H^L5 9C)V^-fn/j^itl 
[0 0 0 1] 
[0 0 0 2] 

[«6*wtS»P] ^7AfiM (MS/MS) ^r{±, 

^2C/)^g-7^/U^ / /^W^{C < tor» / ^^tl, M 

[0 0 0 3] ^>^Kfi»«fjSfc<o-»(|4:LX«W3t- 
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5^t^r^5 0 ftfC, fg2c7)I*££ LT, #3|w|Ii 
2 0«7^V»»fS«:at5:i:l:J:^ 

fe-c#4i^»^ji, p t ^^->*s&^#fflr^5o 

[0 0 0 4] llc/)iIiIi7^/U^/^«^ fr 20 
till, a^SwfRtfT B#PflM»W§g^® 2 (/)0liff7 

[0 0 0 5] J^Tl^-TJ:?^ «>r^>***-tt^T 

^ 7 7 ^ -ecoffjffl ^ (ijg $ * ^ ^ 9 *> 6 □ 
[0 0 0 6] BHSffiti, «7-f/^atffll^n5 

BfUxtff— ^W^<— XjftSi lf¥afit'#)5 5 0 Oft 

[0 0 0 7] KSAPigfflJRfTWB^ffSwf'^-T 1 >f 
^/Miii^h 1 -2 0%co|M-e*>'K h/urt 40 

e>, t^-tV^ */waiMllic:, ffifTH#FflSJ#W» 
[0 0 0 8] ^1 ^ififelTii, E*Eg**R*»#fW-S: so 



14 

It! 0 0 %Wf a-f >f t>f ^ ^T'|l7 ^ t IT 

mo o ws^«*i«>r^>(c*tt-c*ft^*^x^^ 

h^H»t5Rwfa-f^f^^/i't), ^J0. 1% 
(*l<OBgM«M7-fyu^/»«r»ttl 0 0% 

<OKSffift*-7-f/i-^/»*f»*±tt0. 1%©^- r 
/^^tSiOfa-f^t^ 0. l%/2 

[0009] f^liM^^v^^E-t6/c^oizgm«tT 

#mait*»wif<o^-x^^^^/Hi, wo. oo 

^1 0 0%0-r^-x^-^^ ^/UT-Kft7^yu^ t LT 

5R«fa-r-f^ 0. 0 0 5%<b&5 (fpj 

^60. 0 0 5%<< 5%) „ 
[0 0 10] ^wj; Hiirafiffi^xa.— r >f 

«xoBga«fRfri»IBia!lt*»«f«-J; "9 fett l (ff*#t\ 

*>m&? bfyy 4^m^bomm&xfo%W;& 

[OOllI xl/nDX7'Ki L^-^Btfttffj&S, 

[0012] M^7l-> h7 77 5 (/)J:9W)») 

^tifftt ^ * <b 4v ^/^ «t\ v » < ^ox^vmnm 
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[0 0 13] ^Mk, &mfttir<n&;&Jj&:&£Xfmm$: 

«h *>zw\fexz ^^m^m^-t^ ^ t 

(0 0 14) 

[ooi5] ^mom^Li^mmmm^x^t, mm 

QW^-=r 4 1M 9 M% l 0 0 %T\ Mft&ffflmtttitm 
ow&frj&s&g-e*) 9 , -7j|iiti 77 ?V > bit*- K 

> (c «fc *) *36w«1i«-Y 3*-^w|S]«S:tT 9 31 2 coxfl 

(::t^, eaaKiin 1 o oVu^-t^—t^-tv 

1 . 6 7%£&6 a 

[0 0 16] -tixSfe, &£L^3l®F2fitt, EilEfiffi 

f*"Cltf^51M(/)^f7)3 OfSMtLfcX^-7- 30 

xm'nztiz'&mnjjm^tfc^x 3 0 of^a±c75^#^ 

[0 0 17] 77^> h{k#a36SJBlw*-Kt?«if^ 

«**iS*§&(cfi, ^tx/)77^7>hll:(ilTO:'> 40 

[0018] Si go*— > ML¥i££iW 

^Slcj»|&-rsxaS:^tf<0^»*L^: (i) 15V 
( i i ) 2 0 VJELk, ( i i i ) 2 5 V^±, 
(iv) 3-0VJ^±, (v) 50VJL^± > (vi) 10 . 
0 V#±, (v i i ) 15 0 VJ^±, (v i i i ) 2 0 
0VWl o £5 2 60*- Kt7 7 ^V > Mb3M&£ftf££ 

»^»*&r6Xfi«:*tr<7)*«#*U^ : (i) 5VU so 



T, (i i) 4. 5VJ^T, (i i i) 4V^T, (i 
v) 3. (v) 3V#T\ (vi) 2. 5V 

(v i i) 2VJ^T. (v i i i) 1. 5VJiA 
T, (ix) lVJ^T, (x) 0. 5V^T, (xi) 

w*HS»<8(c# LT&±£ L £ C7)fg;i >tMlc J;<5<t, $1 
go*- K#J:tf/£fcli&2w*-- Kfc, 5 v frbi 5 

fi> ^^=¥*— Koo^>*->co— ^frWhW*'? 7 >/ 

[0 0 19] ^^>^-7^yu^ y >^i-5(-fi, 77^/ 
> > Mfc#S\ Mx.tffflVZ't/l'* <D±mz&Z>f5 1 coR 

zj ) £*) t>^:#^m/z^o^7j->fc'tt^jEii§i-5 

fctf , m^CO^ t>Wm/ z HA? 3 0 0 Xhh Z. t /j> 
^otl^^Clt ff)3 5 0J^±c0m/zfl££fO 

5f> w^iiiSi-^ <t ? ic® 1 (7)ifl7 < /i-* 

i"SwtdS-C#S a -tftSt 3 0 OCOm/zftSrJtoY 
[0 0 2 0] ^lW«ifflliBr^T-*)SCt^#*Ll\ 

[0021] 110^ vxmt-rz>7 7'//> bit^ 

XStt, SlwRfi^ h/^lflt^II^^, 

fc>f^>w>4< fct-«BJSrSt*»«f'r6XStt, ^2 
«Si^^ h^«r!ft#-t-6XaS:*tr^A:^ff*U 

[0 0 2 2] ^2(7)^- \?Xm¥*tZ>-7 7'//> bit^ 

S«:3Elc^tfwi:*sw*L^p SiwRi^ h/H^ 
w *> 5 WS/SWtt ^o-i't>(/)M^2«Ii^ 
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[0 0 2 3] %<Dljm*ll\Z}£T<nXM&$t*<Oj>W£ 
U> : '>fc< £ t> lO(7)^M^7t->^^^^2^ffl 

* y y^f^ii ; H2C0^- K«t «9 <blllttolc:#<oo 
^ft^77^y Mb* ft** 9tc, ^TVvMfc 
#®*»«sS-frSxa ;770y Mfc#S*a9»tt 
K.4*w>t£< t fe-«£M:#*r*-SX«. 10 

J: Si, ^-V(7)|tft/eJ?tt:w±xwRit/« 

(4) lcM**-5.fc5i::, »2 0«ffljftsaitR$ti6 g - 
wt?, xti^TW^/u— :77;>ibiiJR£*l5 : (i) 0. 
5 , ' ( i i ) 1 . 0 , ( i i i ) 2 . 0 , (i v) 5. 
0, ( v ) 1 0 . 0 , (vi) 15. 0, ( v i i ) 2 20 
0. 0, Lf^ot, MrftWfHi^^AMS*— K 

[0 0 2 4] ^^>^iJMT/J^il^i-5^i75W^L 
W (i) iunDX7'Mt>I, (ii)TC^EE 
(b^+Wk^iSW^-^jR, (i.i i) vMJ^J 

Pi $ €: , fc 6 ffi d & o t 

[0025] j-A-ymiz^TfrhmVl-fz^ kfiWk t 30 

V- (i) *«W»-f^>«, (i i) <t^*><UC 

£*<<*>m. (i i i) ^-^K^WfclcJ:^ 
-f (c J: o T ffig-fe A ^ $ thtzm%m * , h 6 B»P H llc 

[0026] Kftdwxstt, «T^e>aiRLt»*f» 

l-J: oTHf?-f 5 : ( i ) iliSl7 

-f/^, (i i) ^tTB#P B 1S!KS^«S, (i i i) 
tyh7 77°, (i v) SHtSKftftftS, (v) 7- 
U^MH' << * n Foy^l ( TFT I CRJ ) 40 

[0 0 2 7] 7^/^yy^Iili ^S^M 

[0 0 2 8] £»*>f*>#^U>;*l±, HKtttc3!l 
J: <9 4> * # i ^ «fl:/««f it £^0^ * v Q*>H1tW& 

*^i81R-t-5wt^MlC»*L^: (i) 100, (i 
i ) 1 5 0 , ( i i i ) 2 0 0 , (i v) 2 5 0, so 
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(v) 3 00, (vi) 3 5 0, (vi i) 4 0 0, 
(v i i i ) 4 5 0, (ix) 500, »i U>H®J2. 

^<?M ;f >£fW)£l-6x&£^tj> 0 

[0 0 2 9] 77^/> Mb^l&tt, &TA»feaitR$n 
/crr^ir/u^{ix.5r <t##£ Ll> : ( i ) Efi1$n y 

K-fc y k ( i i ) *3^* yKt^K ( i i i ) A 
fiffipy K-fey k (i v) ®^>^i?:y k fij^-tr 
■/Hi, JBHaS^w*— K-C»fls$-fr, #£UMSf*U: 
fcl*T, 1 0- 4 1 0- 1 m b a r Wffiffl, L< li 

1 O- 3 frb 1 0' 2 mb a r ommfon&tlX'ffimJfKfc 

[0 0 3 0] Bre<o»>T3»->tt, J^T/j^il^n/^ 
ty^tfZiW^tiv (i) K**w^> 

*^A>r*>, (i i) w*.tfy ^iWk^f-K** 

>g£SPOr>f * (i'i i) »36 
[0031] ft*u^*t6^(i(cj:6t, m^d^ 

I6 0 2H^Jbi > ±c/)^^^>^^tTV^^^^(± > 

■lairoit^t^fcpi*^*^^ y ym: 

[0 0 3 2] ^:^oo^2<7)ffi^tcj:5t, 11^12 5 
[0 0 3 3] *%W0^3 0mm^£Z)t, 11^12 6 

#i5fcwxs*n > < o/j^s ^ ^ (c J: 6 A*W**f^ 
[0 0 3 4] *«Wro«4Wj|««cJ:Si:, n*il3 1 

[0 0 3 5] #HW<7)*5 0>1i«lC < fc£<t, B|#J« 1 - 

2 5 m *-f ti^o^feZmil-f 5 ct a icfflfjfcfc J; 

[0 0 3 6] *96Ww»2wjHBKIBt«6olB«icj: 
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1***3 3|B*wK*#«#fe&s«tt3ftS B 

loo3 7] iiw»itn e^)^>r^^^(53 

[0 0 3 8] 3o^5ld(^-K (1-fc*>*>Tffi<0 

6 0 !B i K-cii, ffife<nfo'< 

&i\> S5 2coft{^- K-Ctt, * iow|>ft 

«fitt^*>5^5*^s, (WS.tfSteS^J; 9 ft) 9fg<o 
ix6 3 ISiwibf^- Kfc*2<0»fls*- mi? 

[0 0 3 9] !El£^ra>*ft»i, m l a>ISiart<oftI:/« 

>\>$ y >^sxafc£tr-*#»±u\, 
[0 0 4 0] *i wttBttWKT-fco-c, 

[0041] M<tii o^t>^mtt6ii 

<fc «3 t (Si *m/ z ««r#o»>f t>CS^t 

*:ii]«i-6xaA\ »>r^>fe^-t-si«-w*ife-c*> 

[0 0 4 2] gltf)*- K-CftfM-SV^y^ > Mfc^ 

[0 0 4 3] Si (7) (^7f->G0) If^^^ h/l/^W 

fcfcj;<>, '>fe< Hio« 
i^t>«^^:i:»*Lt^ mi coW&x^ 



* h/urtcr)*>5Hl:/«ffifJtfr^o>i'^>'<7)53lffii:»2 

[0 04 4] ( i ) '>ft < 1 1> l oco^^f ^^AS^fftW 
fc-f a-vt-Btt-S, *5J:0«/*^tt, (i i) '>*< 
10 <t tlow^tyi:'M< £ I, io(7)fe1ta^^>^ 

ftttW^Twxa*r£tf*>as#$ tt> : '>fr< t i 
i<n&ffi&'( 2 wftllrt wMr/Mfrtt* 

20 Mt£ft£<fc9(c, 77^> h{b¥^$rfi^$1i:5X 
a ; > hft#ikt:iSOttJtfc>f ^>w>ft< <t 

fe-»«r«*»W-f5Xa, mW-tZk. Itt^t 

[0045] ft»H *>omm/-mffitto)± x wit 

^L^\ ZZX\ xMT^bM^S: (i) 0. 
30 5, ( i i ) 1 . 0 , ( i i i ) 2 . 0 , (i v) 5. 
0, (v) 1 0. 0, (v i) 15. 0, (vi i) 2 
0. 0 o Lfc^ot, ^*fe/KO±S(C*)6ftl:"7>f /u 

[0 0 4 6] -f^^fiJ^T*^iiWi-5^t^»*L 
^: (i) xl/^/l>D77'Kt>I, ( i i ) ±%f± 
ik^*><k\Z±Z<<*>ms (i i i) ^Y')"7^ 

40 ^L^ 0 

[0 0 4 7] ^ t L 

IV ( i ) *««»-<3*->«, (i i) 

XZ'fJrym, (i i i) ^^-^K^^-^fbf-Jia^ 

[0 0 4 8] ftstfwxai*, iuta^sk ufc»w» 

tCjzoT^T-r^^t^^^LlV (i) ffllHo 7 K 
■fe^K ( i i ) ffeffB#PflfflRfi#««, ( i i i ) >T 
50 t>h777°, (iv) K^Wg^W 1 ^, (v) 7- 
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■J^getft-r^ViM^o hn>^P| ( TFT I CRj ) 

[0049] y xfxm*. 

»*L<ttEaMIHl7-f/u^jcJ:o-CjtfT* 

[0 0 5 01 ^>**I^V?C|i, If^i^l 

/j^I^t^lH^CKLlv (i) 100, (i 
i) 150, ( i i i ) 2 0 0 , (iv) 2 5 0, 
(v) 3 00, (vi) 3 50, (v i i) 40 0, 
(vi i i) 4 5 0, (ix) 5 0 0 3 m-ijry&mfc 

6X8&*tr;:*#»*U\, 

[0 0 5 1 ] -77^^>h{b^t±, J^T/J^bil^ti 

fcff5i-fe/i-^iix.6r t*s»± : (i-> wmrnv? 

Kir yK ( i i ) Afiffin y Kir y K ( i i i ) A 20 
fiffip y Kir 7K (iv) tiH> ^ir y K Ir^ir 

< , 10- ] Hl0-'mbar Wffiffl, ^tKlilO 
3 1 0- 2 mb a r WjcfflrtWEE^T-Sf^^^^^ 

[0 0 5 2] 3fS«*-f*>*±, ^T/j^iljR^n/c^ 

*>*^tsz.ti)m*\,^ : (i) hW^fy 
(ii) y ^»b^f-KA*w!;> 
»SP03->T^^«:*tp , &fl6S, (i i i) »£<o»^ 30 

[0 0 5 3] mi ro^e- v hffc^ffcSrffcfe 

#ftlc««i-5iaS:*trr:i:*<»*L^: (i) 15 
VO±, (i i) 2 0ViU±, (i i i) 2 5VJL^±, 

(iv) 30VJ^±, (v) 50VJ^±, (vi) 10 
0 VJ^±, (v i i ) 15 0 VR±1, (v i i i ) 2 0 
0VJ^± o 40 

[0 0 5 4] »2W*-K-C7 7^^>Kfc^a«r»* 
£it5Xfite, &Tfrt>mtRLtzmE.*77?/ > Mb 
#aiCtt*i-5Xa*r^tfwt*s»* : (i) 5 V 
UT\ (i i) 4. (i i i) 

(iv) 3. 5VJ^T\ (v) 3V£AT\ (vi) 2. 

(v i i) 2Vi^T, (v i i i) 1. 5V 
KTF, (ix) 1 VJL^T, (x) 0. (x 

i) If^i:ov 0 

[0 0 5 5] *»Ww*7WjB«lcJ:ai:, f»*rl5 9 

efccoKftaw^SMMtSiT,*. so 
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[0056] *mw<nm8omm^£z>t, s»**6o 

[0 0 5 7] *:?8WcofB9wlB«(cJ:5t, 1***6 6 

[0 0 5 8] *3PJlcoffn 0<Oj§«(Cj;St, it** 3 
3-59 <D^r tl/j^^^ffTf 6 i 9 IdflWcfc <t 

[0059] Miff7^u^«i:^(:/^/'7!tt 

- t fifg 1 C0H^ffi(C*5l ^Tlifr£ (8* 

mmBM^&^xte, nmy * 

[0060] JSi*3«tt/!B2wSliSJBian*-ej«fifioifj8 

Si^— h/^(^)T'(7)^^(7)^^7t">c/)m/z 
II (*B«kL<tt]E»fctS) Otbmt^^^T, ((£ 

< lilEffcfcfi) tc-jgeog* Wi" 6 f ^>c/)tfci^.[cS^ 
[0061] ir>w±<r>m<<*>tf&&ztiz>t* mil 
£ tz n$m-f 5 fc tf> , i- 4 *> *> w *> 5 << X 

(a) &mtemffivtm (a«, ^^mz>=i, « 

(b) «*r»fit>L<iitt*raijeics-5<siR 0 

(d) »*LiWz« (*B«t>L<l±]Ea4:i[) w 

(e) r^$ti/cm/zfi (%&mbt<teiEmtem) 

(f) mftztitzm/ zt&n-mifyft mtoft) D^h 

[0 0 6 2] I! 2 f)*lff^t , m 1 Wjt**lftW»* 
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[0063] wzi&£xfim2<ommBmz£z>t* 

l^^Tl«iI>ft>^IL, *ft«xeo«llllffl 

jis*^* h/uwscfi, mffimm^ *is<oWLkm\^\^m 

5*»*c>4^o 10 

[0 0 6 4] ii^JP 

[0 0 6 5] ^iUftlC, &ffimm4*><nm*4U±:0> 20 

w«£*XttBWwflMB-< t>$riIt5Wl: l 6 com 

[0 0 6 6] 7h>(7)m/ z ii<7)#aElcS^ 

mmmmffiffi) tMsv — wj h/nz>**r* 

*CO m / zigjiif&llSrR^U ^m/zBW/(^I 
7j » -f T o v < y * ^ 7 * > K << ir > & |& £ -f 5 d ir 

f&^^/u^c i d rMS-9-— <^J X-<^ bMC& 

«»*tt , fifc* $ tltz m / z Hfc ^ G0*f * ft il }R;fc J; 

-f** y >^1-ft;b^*£iiH-£ - t^-ct5 D sWwflft 



-MS7^; h/uco®»(7>^r-*)5o ^laot, « 
l^fi7^^MSl^tIta:i:^l(:, ft&oo 

[0 0 6 7] j#tW-a-h7/H3Xif:|^t^ 
x^/^C I D rMSt-^J X^ h/HEWSrlS'* 

#^(7)-a - F 7^0 ^f^^t,^ t>i^{: 
5 3 ::t', ztihoim/ zfKi, (x^/u^c I d 

tiicioT, MSifcJ;(;MS2 5rtif6:^ l i:L 
IC, '(£3fcco-^- h7/i-nx^^ir^WB6*J?5 s iifiJt 

IX'tj, IE5tftm/zfI^!f#^i-6wi:^T^6o 

[0068] m*tm$.L^mmmtm^£<o , m^^> 

Sv^SSrtL, tX/)m/ z ffiHRcofctfjco 1 H 
«Wfc«c*ftw*!|l«:ia^Aii5BHHt*BII< fcWCife 

[0 0 6 9] 

immommmm] z~x\ mi fcWHL-cflp* li* 
^^■7 (^^nrt^^) 4^'f)^DYhy77Cii 

[0 0 7 0] tmtStlX, 0- 5 mb a r*M<n 
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4^9 3^iaffl^ixXV^6o «E7>f/U*3££trmtg 
<, fC&^A-* 3 £ili§1~6 ^ <fc^ 

Wttffl 1 ! 3 ^^^^, lO-^/j^jlO-'mba r, I 10 
L< tt 1 O" 3 /i^ 1 O- 2 mb a r T*#Ai-6ri: 

[oo7i] >r^>«ci(cj:ox^ric$nfc>r3*-^(i, 

> hft^4(CiiA'T6o 77^> Mfc#®4rt*fcffl 
«:«x.rtJ:i^^ Hlctt^ft-Cfc&l", fftifl 20 

[0 0 7 2] (H^-f) tt, ^fl^W^ 

ski , f ^>#-f K2, egm^MS"7^yu^3, -77^ 

^ > h fb^lft 4 , Mff ffiMff 5 d&gttUj^ 

^3*aa+sKa/«wjt^»»»5w»^4^ » 

*«#t5:WS^Itr*)6. 40 
[0 0 7 3] [12 a *J «fc 05H2 btt-ttlftl, T/Ua- 

6, H2 a fc^SixTl^S*^ 5*->C0X-<* h/Mi, If 

o«:Eii3 o v-efco, -t<^e*, mm-t^^m^^ * 



[00 7 4] *«Wwffi*lfcflUIB^J:5!:, BWt^S 

BfSW»-f 0];Lff E! 2 a ^Tfk-tX 0 kZL 1 3 6 . 1 

0 9 9 tf)m/ z fI£#0&SK * ~ k 

*s<]s—#<n\,^-ftiMz£ zkfrX£Z> 0 |iw 
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1 TITLE OF INVENTION 

METHODS AND APPARATUS FOB MASS SPECTROMETRY 

2 CLAIMS 

]. A method cf mass spectrometry c n trip rising the steps of; 
providing an ioo source [l) which generates iens; 

(iltcriag said ions sc that iens having a ma s s -t o -cha r gc ratio within a 
first range are s u b s t a o t i a i 1 y transmitted ana sc that the traosraission c 
f ions having a mass-to-chaig* ratic outside cf said first range is subs 
tantially reduced : 

passing the filtered ions to a f r a gme n t a t i c n means U) operated ia a fir 
st mode whercio al least a portion of the filteied ices are fragmented t 
o produce daughter iens ; 

mass analysing cf at least some cf the tens which have passed through Si 
id 1 ragmen t a t i en means (4) operating io said first mode; 
characterised in that said melhcd hither comprises the steps of: 
identifying as daughter ioas, at least seme ions which are determined to 
have a ma s s - t o-( ha i ge ratic which falls oatside of said first raoge: 
wherein if one o i mG r e daughter i c b s are determined to be present, then 
said method farther comprises the step ol determining whether said one o 
r more daughter ions correspond with one or more predetermined daughter 
iens, and wherein if it is determined that said enc 'or more daughter ion 
s dees correspond with cue or more predetermined daughter ioas, then sat 
d method further comprises the steps of: 

operating said fragmentation taeios !4) in a second mode wherein sobs t a o t 
ially less cf the filtered ions are fragmented than in said first mode; 
and then 

■ mass analysing at least sumc o( the ions which have passed through said 
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f r agroefi ta t i c n means (4) operating in said second mode. 

2. A me thud ul mass specircraer ry as claimed in claim 1. Therein said fi 
r it range is v a r i a b 1 e . 

3. A method cf mass spectrometry as claimed in claim 1 cr 2. wherein tb 
e step cf mass a c a ! ^ ^ i o g at. least seme cf the ices which have passed thr 
cngh said fragmentation means (4) operating to Said first mode comprises 

obtaining a first mass spectrum and wherein the step cf mass analysing 
at icast some cf the iens which have passed thrcugh said fragmentation m 
eans (0 operating in said sccecd mode comprises cbtainiog a secend mass 

spectrum. 

4. A method cf mass spectrometry as claimed in claim !. 2 cr 3. wherein 
after the step ci mass analysing at least some gI the tens which tme fa 

een passed through said f lagaeiti i ion means U) operating in said secend 
mcde, said methed further comprises the step cf identifying at lean on 
e candidate parent i o q . 

5. A method ci mass spectrometry as claimed- in claim 4 when dependent a 
pen claim 3 . therein said at 1 c a E i one candidate parent i c o is i d e a t i f i e 
d by comparing the intensity of ions having a certain ma S s - t G -c ha r g e rat 
ic in said first mass spectrum with the intensity cf ions having the sam 
e mass-tc-charge ratio in said Second mass spectrum. 

6. A method of mass spectrometry as claimed in claim 4 cr 5. forther cc 
mp rising the steps c f : 

filtering the ions upstream cf said fragmentation meaos (4) sc that iens 
having a mass-tc-charge ratic within a second range which includes at I 
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east c n e candidate pared ice are a r Tanged L c be substantially t r i n s o i 1 1 
eri to said fragmentation means U) and so that the transmission of ion* 
having a mas s- t c - c h a rge ratio outside cl said second rang* is substantia 
1 1 y reduced ; 

operating said fragmentation means (4) so that substantially mere cf sai 
d ions are fragmented than io said second mode; and then 
mass aaalfsisg at least seme cf the ions which hare passed tfcrcogh said 
f r agmeata t i o n means (4) . 



7 . A method of mass s p e c t r o ra e t 


1 y 


a £ 


claimed in claim 6 , whe re 


id said s e 


cend range is 


selected so that 


cn 


ly 


tens harinj ma s s- 1 o~ c b a r ge 


ratios wi 


thin ± x mass 


-tc-charge nni t s 


cl 


a 


candidate parent ion are s 


« b s t a o t i a 1 


It t raosmi tted 


t c said f r jgrae n t 


at 


i on 


mean s (4) , whe I e i a x is s 


elected fr 


cm the group c 


omp rising: (i) 0 . 


5; 


U 


i) 1.0; (iii) 2.0; 5. 


0; [v) 10. 


0; 15J; 


and (tu) 2 0.0. 










8. A method c 


f mass spectrcmei 


r J 


a s 


claimed it any preceding 


claim, whe 


rein Said i c d 


s c o r c e ( 1 ) is s e 1 


ecied 


from the group c ompr i s i Dg 


: ( i) ao e 


1 c c t r o s p r a y i o 


n source; ( i i) an 


a line 


spheric pressure chemical 


icoizatico 


i c a s c o r c e ; a 


d d (i i i) a mat r i i 


a 


ss i 


sted laser descrpt ion i cn 


scarce. 


9 . A method o 


f mass spectrcmet 


f y 


a s 


c 1 a itned i o claim S , where 


in said ic 



d source (l) is pi ended with an elaent ever a period of time, said ela'e 
nt having been separated from a mixture by means of liquid c hi craa t c g r a pa 

y . 

10. A method cf mass spectrometry as claimed in any cf claims 1-7, wher 
eio said ion source (l) is selected frcm the gronp comprising: (i) an e! 
ectrcn impact icn source; (ii) a chemical ionization icn soiree; aod (ii 
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i ) a field t n n i s a t i c e ice source. 

11. A method cf mass spect rcmctrj? as claimed io claim- 10. where in said 
ion scorce (l) is provided with an cluent ever a per i c d of time, said e 1 
sent ha?ing been separated from a mixture by means c{ gas chroma ccgraphy 

12. A method cf mass spectrometry as claimed ic ao? preceding claim, wh 
ere in said mass analysing steps are performed by an analyser selected fr 
cm the group comprising: (i) a quadripole mass filter; (ii) a ti«c-cf-fl 
ight mass analyser; (iii) an i o n trap; (iO a magnetic sector analyser; 
and (?) a Fourier Transform Ico Cyclctrcn Resonance CFTICR 5 ) mass analy 
scr. 

13. A method cf mass spectrometry as claimed in any preceding claim, wfi 
ereio Said filtering sttp(s) are performed bj a molt i-elemeot ice optica 
1 lens (3), preferably a quadrupcle rod set. 

14. A method of mass spectrometry as claimed in claim 13. further ccmpr 
isiog providing bcth a RF and a DC electric field tc Said mn 1 t i - e 1 eme o t 
ion optical lens (3) . 

15. A method of mass spectrcmetiy as claimed in claim 13 or 14. wherein 
said malt i-element ion optical lens (3) is arranged tc substantially tr- 
ansmit only ions having mass-tc-charjc falios greater than a first value 

16. A method cf mass spectrometry as claimed in claim 15, wherein said 
first raUt is selected f r cm the grcip comprising: (i) 1 0 D ; [ii) 150; (i 



F 
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ii) ZOO; (if) 250; (i) SCO; Ui) 3 5 0; 'rii) 400; (viii) 450: 3 nd (ii) 50 

1?. A met bed cf mass spectrometry as claimed in claim 15 or 16, wherein 
the ?tep cf identifying daughter ices comprises identifying at least so 
me icns which are determined tc have ma s s - t c -c ha r ge ratic? less than sai 
d first value. 

18. A method of mass spectrometry as claimed in any preceding claim, wh 
erein said f i a gme 1 t a t i c n means (4) comprises a collision ceil selected f 
rom the go p ccraprising: [i) a quadrupoic red set; [ii) an heiapcle red 

set; (iii) an (ictcpele red set; and Civ) ao electrode Huff set. 

19. A method of mass spectrometry as claimed in claim 18. Therein said 
collision cell is operated in a KF only mode. 

20. A met bed of mass spectrometry as claimed in claim 18 cr 19, further 
comprising the step cf providing a collision cas tc said nllisico cell 
at a pressure ffitnin the range 10~* tc 1 0 ~ 1 mbar, preferably tc 10 

~ 2 mbar. 

21. A method cf mass s pe c 1 1 croc t r y as claimed in any cf claims 18, 19 cr 
20. where in said collision ceil forms a substantially gas-tight enclosu 

re . 

22. A method cf mass spectrometry as claimed in any preceding claim, wh 
erein Said predetermined daughter ions comprises icos selected ircm the 
group comprising: (i) iramcnium icns from peptides; (ii) functional group 
S including phosphate group PO3" icns from phc s pho ry I a t e d peptides; and 
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(Hi) mass lags which are intended ic cleave ficm a specific molecnte cr 
class cf molecole and tc be SobEcqarntfy identified t.bus reporting the 
presence of said specific melecole cr class cf molecule. 

23. A methed cf mass spectrometry as claimed in any preceding claim, wh 
ere in operating said f r a grae n t a t i c n means (4) in said first mode comprise 
s the step of supplying a voltage tc said fragmentation means (4) select 
cd f r cm the groop comprising: (i) >= 15V; (ii) >= 20V; (iii) >■ 25V; (iv 
) >= 30V; (i)> 50V: (vi) >= 1 0 0 V ; (vii) >■ 150V; and (tiii) >= 2O0V, w 
here ">= n stands for "greater than cr equal tc" . 

24. A method of mass spectrometry as claimed in any. preceding claim, wb 
erein operating said f r agmea t a t i o n means (.1) in said second mode ccrapris 
es the slep cf supplying a Tcltage to said fragmentation meaos (4) selec 
ted from the group comprising: (i) <= 5V; (ii) <= 4.5V; (iii) O 4V; (iv 
) <= 3.5V; (v) <= 3V: (vi) <■ 2.5V; !ni) O 2V; (viii) <-- 1.5V: (ix) <= 

IV; (i) <- 0.5V; and !xi) substantially 0V ? Fherc ~<= r stands for "grea 
ter than cr cqaal tc" . 

25. A method of mass spectrometry comprising the steps cf: 
providing an ico scerce (1) which generates ions; 

filtering said ions s c that substantially only ions bating a mass-tc-cha 
rge rjtic greater than a first value are transmitted. Said first value b 
eing between 100 and 500; 

passing the filtered iens tc a fragmentation means (4) operated in a fir 
st mode with an applied to It age greater than ci equal tc 15V wherein at 
least a portico cf the filtered ions are fragmented tc produce daughter 
tons; 

mass analysing it least seme cf the ions which have passed through said 
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f i a gme d t a t i c d means (4) operating in ? a i d first mode; 
characterised in that said method further ccmpiiscs the steps cf: 
ideofcifyiog as daughter ions, at least some iens which are determined ic 
have mass -t c-c ha rge ratios less thai) said first taluc; 
wherein if cne or mere daughter iens are determined to he present, then 
said method farther comprises the step cf determining whether said enc c 
r mere daughter iens correspond with one cr mere predetermined daughter 
ioos, and wherein if it is determined that said one or more daight.er ion 
s docs correspond with cue cr mere predetermined daughter ions, then sai 
d method farther comprises the steps oi: 

operating said fragmentation means (4} in a second mode with an applied 
voltage less than or equal to 5V wherein substantially* less of said ions 

are fragmented than in said first mode: and then 
mass analysing at least seme cf the ions which have passed through said 
I ragmentaticn mcaas (4) operating in said second mcde. 
26. A mass s pe c t r cmet c r comprising: 
an ioo source (l) for generating iens: 

a multi-element iou optical leos (.1) for filtering icos so thai ions hav- 
ing a mass-tc-cba rge ratic within a first range are substantially transm 
itted and so that the transmission of ions having a ma s s - 1 o -c ha r ge rat i' c 
outside of Said first range is substantially reduced; 

a fragmentation means (4) arranged and adapted tc be operated io a first 
mode wherein at least a portico of the iens received by said fragment at 
iuD means (4) are fragmented to' produce daughter iens; 
a mass analyser for mass analysing at" least seme of the ions which have 
passed through said f r agmen t at i cn means (4) cpe rating in said first mcde 
; and 

a control system for cent rolling said mass spectrometer; 
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characterised in that : 

said control system is arranged to identify as daughter, iens, at least S 
cmc ions which are determined to have a ma s s - t c~c ha r ge ratic which falls 

outside of said first range, where in if one or mere daughter ions are d 
eterrined tc be present, then said control s ? $ I em determines whether s a i 
d One cr mere daoghtei ions correspond with one or mere predetermined da 
nghter icus, and wherein if said control system determines that said cne 

cr mere daughter iens dees correspond *ith one cr more predetermined da 
oghter ions, then said ccotrcl system switches said fragmentation means 
(4) sc as tc operate in a second mode wherein sibsiaot ia I 1 y less of the 
icos received by said f r a gme o t a t i d d Deans (4] arc fragmented than in sat 
d first mcde and whereupon said mass analyser is arranged to mass aoalys 
e at least seme cf the ions which have passed thrcogh said fragmentation 

means [4] operating in said second mcde. 

27. A mass spectrometer as claimed io claim 26. wherein said mass analy 
ser is selected from the group comprising: [[) a qnadrupcle mass filter; 

(it) a t inc-c f -f I igkt mass analyser; (iii) in ion trap; (iv) a magnetic 
sector analyser; and (v) a Fcoriei Transform Icq Cyclotron Kescnance (" 
FTICD mass analyser. 

28. A mass spectrometer as claimed io claim 26 cr 27. wbeieio said molt 
i-eleraent ion optical lens (33 comprises a qnadropole mass filter. 

29. A mass spectrometer as claimed is claim 26, 27 or 28. wherein said 
fragmentation means (4) comprises a collision cell Selected from the grc 
cp comprising: (i) a quadrupcle red set; (ii) an bexapcle red set: (iii) 

ao octopcle red set; and (iv) an electrode nog Set. 
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3 0. A mass s p e c t r c m e t e i as claimed in claim 29. * h e r e i d s a i o collision 
cell form? a s a b s 1 1 o t i 1 1 1 y gas-light c n c I o s u i c . 
31. A mass spectrometer comprising: 
an ion source ( 1 ) f ti i generating i o d s ; 

a multi-element icn optical. lens (3) fci filtering ions sc that i c n s hav 
iog a mass-to-charge rttie greater than a first value are substantially 
transmitted and sc that tie transmission cf ions having a ntass-tc-tharge 
ratio less than said first v a 1 o e is S d bs ta d t i a 1 1 ? reduced, said first v 
aloe being between 100 and 500; 

a f ragroeat at i en means (-1) arranged and adapted to be operated in a first 
mcde with an applied voltage greater than cr equal t c 15 V wherein at le 
ast a pert i cn cf the iens received by said f r a gnu a 1 3 1 i oc means (4) are f 
ragmeoted tc prcduce daughter ions; and 

a mass analyser fcr mass analysing at least seme of the ions which have 
passed thrccgh said f r a fimen t 3 i i cn means (4) eperatiog in said first mcde 

whe r e i n : 

said mass spectrometer is configured tc identify as daigbter iens, at ie 
ast seme iens which are rJctermined tc have a ma s s - 1 c~c ha r.ge ratio which 
is less than said first valne. wherein if enc or more daughter ions are 
determined to be present, then said mass spectrometer is arranged to dtt 
ermine whether said cne or mere daughter ions correspond with one cr mcr 
e predetermined daughter ions, and wherein if it is determined that said 
one or mere daughter ions does correspond with one or mere prede termioe 
d daughter iens. then said mass j pec heme te r is arranged and adapted to 
switch said fragmentation means M so as tc operate in a second mode wi 
th ao applied voltage less than cr equal tc 5 V wherein snbstantiallr les 
s of the ions received by said fragmentation means (4) are fragmented lb 
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an i d 5a id first mode and whereupon said mas? analyser is a r i a n g e g tc ma 
ss analyst at least scae cf the ions Rfcich have passed .through said frag 
mentation means (4) operating in said second aicde. 

32. Apparatus arranged and adapted tc perform the method cf any of clai 
ms 1-25. 

3 3. A met bed cf mass spec t rone try comprising the steps cf: 

prouding an ion source (l) which generates iens; 

characterised in that said method farther comprises the S r c p f? cf: 

passing tbe ions to a fragmentation means (0 which operates in at least 

a first mode therein at least a pcrcicn cf the iens art fragmented to p 
reduce daughter ions and a second mode whereio substantially less of the 

ions are fragmented than in said first mode: 
mass analysing at least some of the ions which have passed through said 
f ragmeatat i on means {{) operating in said first mode; 
mass analysing at least seme of tic ions which have passed through said 
fragmentation means U) operating in said second mode; 
identifying at least one daughter ioo and at least one candidate parent 
ion; and 

determining whether: (i) said at least one daughter ico corresponds with 

one or mere predetermined daughter ions; and/cr (it) said at least one 
daughter ion and said at least one candidate parent icn cculd be related 

by the less cf a p r ed e t e imi ncd icn or neutral particle. 
34. A method cf mass spectrometry as claimed in claim 33. further ccmpr 
ising: filtering the ions upstream of said fragmentation means (4) so 
that ioo! having a mas s-t c-chai ge ratTo within a first range are substao 
tiilly transmitted and so that the transmission of ions having a'mass-to 
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-charge rat i c c u t s i d e c f said first range is Substantially reduced. 

35. A method of mass sptct rcmetry as claimed in claim. 34. where in said 
first range is variable. 

36. A method cf mass spectrometry as claimed rn claim U cr 35. wherein 
the step cf identifying at least one daughter ioo comprises determining 
at least some tens which have a ma ss -t c-c ha rge ratio which falls cntsid 

e of said first range. 

37. A method cf mass spectrometry as claimed in any cf claims 33-36. wh 
ereio the step of mass analysing at least seme cf the iocs which have pa 
ssed through said f r a gme o t a t i c n means (4) cperatiog in said first mcde c 
omprisef obtaining a first mass spectrum and therein the step cf mass an 
alysing at least seme of the ions which have passed through Said fragraen 
tat i g s means (4) operating in said second mode comprises obtaining a sec 
ood mass spectr am. 

38. A method of mass spectrcroetry as claimed in claim 37, wherein said 
at least one candidate parent icn is identified by comparing the intensi 
t y c f ions having a certain ma s s - U - c h a r g e ratio in said first mass spec 
trom with the iiteasity.cf iens having the same mass-tc-charge ratio in 
sa id second mass spectrum. 

39. A method of mass spectrometry as claimed in claim 37 cr 38. wherein 
said at least one daughter ion is identified by comparing the intensity 
cf ions having a certain mass-tc-charge ratio in said first mass spectr 

am with the intensity of ions having the same ma s 5 - 1 c~cba r ge ratio in Sa 
id second mas s spect run. 
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40. A me L fa c d e I mass spectrometry as. claimed in any cf claims 3 3 -3 9 , wh 
e r f i n i f it is determined thai: ( i ) said at lean c o t daughter ice c o r r e 
spends with a predctcrmioed daughter icn; and/cr (ii) said at (east one 
daughter icn and said al least one candidate parent ico could be related 

by the less cf a predetermined ico or neutral particle, then said net he' 
d farther comprises the steps of: 

filtering the iens upstream of said iragrocntatioc means (0 so that iens 
having a mass-tc-charge ratio wit bin a second range which include? at I 
east cne candidate parent icq a i c arranged to be substantially traasmitt 
ed tc said f r a grae o t a t i on means (4) and so that the t r a nsmi s s i c n cf iens 
having a ma s s -t o -c h a i g e ratio outside of said second range is substantia 
1 1 y rednce d ; 

operating said f ragmen tat Icq means (4) so that substantially more of s a i 
d ions are fragmented than in said second mode; and 

mass analysing at least some cf the iens Finch have passed through said 
f ragmen tat ion means (4) . 

41. A method nf mass spectrometry as claimed in claim 40, wherein said 
second range is selected so that only iens having mass-tc-charge ratios 
within ± x ma s s - t c-c h a r ge onits cf a candidate parent icn are snbstaoti 
ally* transmitted tc said f r a gmcnta.t i c q means (4), wherein x is selected' 
from the groop comprising: (i) 0.5; (ii) 1.0; [iii) 2.0; (ir) 5.0; (v) 1 
0.0; (vi) 15.0; and (vii) 20.0. 

42. A method of mass spe c tr cine t r y as claimed in any of claims 33-41, wh 
erein said ion source (1) is selected from the group comprising: [i) an 
electrcspraj icn source; (ii) an atmospheric pressure chemical icnizatio 
d ion source; and (iii) a matrix a s s i s ted , I a s e r descrptien inn source. 

I 
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•13. A method cf mass spectrometry as claimed in claim 42, whereifi said 
ion scarce (l) is provided with an eloeot c t e r a per led cf time, said el 
cent having been separated f rem a miitore by meats cf liquid car oraa t og ra 

pfcy. 

H. A method cf mass spectrometry as claimed in any cf claims 33*41. wh 
trein said icn scarce [\) is selected from the prcup comprising: (i) an 
electron impact icn scarce: (ii) a chemical icnizatica icn scarce; and ( 
tii) a field icoisattCD icn source. 

45. A method cf mass spectrometry as claimed in claim 44, wherein said 
icn scarce (1) is provided with an tlutnt o t e r a period cf time, said el 
neot having been separated from a mixture by means cf gas cfaroniatcgfapby 

46. A method of mass spectrometry as claimed in any of claims 3 3 -4 5 T wh 
erein said mass analysing steps are performed by an analyser selected fr 
om the group comprising: (i) a quadrupcle mass filter; (ii) a time-cf-fl 
ight mass analyser; (iii) an icn trap; (ii) a magnetic sector analyser; 
and (v) a Fourier Transform Ion Cyclotron Resonance ['FTICR') mass analy 
s e r . 

47. A method of mass spectrometry as claimed in any preceding claim whe 
c dependent open claim 34 or 40. wherein said filtering step ( S ) are perf 
ormed by a on 1 1 i-e I ement ion optical leos (3), preferably a quadripole :n 
ass filter. 

48. A method cf mass spectrometry as claimed io claim 47, further compr 
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ising providing both a RF and a DC clecnir I i e I d tc said mil i t i -< I erne o t 
i o n c p t i c a 1 1 e o £ ( 3 ) . 

49. A raethcd of mass spectrometry as chined in claim 47 or (8, wherein 
said diq] t i — c I ement icn optical 1 e □ s (3) is arranged to substantially tr 

an so it col)' ions hating mas *- t c - c b a r g t ratios greater than a first value 

50. A method of mass spectrometry as claimed in claim 49, wherein said 
first value is selected from the group comprising: (i) 100; (ii) 150: (i 
ii) 2 00 ; (iv) 2 5 0: (v) 3 0 0: (vi) 3 5 0 ; 400; (nil) 4 5 0 ; and (is) 50 
0. 

51. A method of mass spectrometry as claimed in claim 49 or 50. whereio 
the step of identify- iog daughter tens comprises identifying at least sc 

me ions which are determined tc hav< mass-tc-chargc ratiGS less than sai 
d first value. 

52. A raethcd cf mass spectrometry as claimed in any of claims 33-51, wh 
eiein said f ragmcntai ion means (4) comprises a collision cell selected f 
rora the gioop comprising: (i) a quadrnpcle red set; (ii) an hexapole rod 

set; (iii) an octopole rod set; and (iv) an electrode ring set. 

53. A method cf mass spectrometry as claimed in claim 52. wherein said 
collision cell is operated io a IV only mode. 

54. A method of mass spectrometry as claimed in claim 52 or 53. farther 
comprisiog the step ol providing a collision gas tc said collision cell 
at a pressure within the raoge 10" 3 tc 10" 1 mbar. preferably* 10~ 3 to 10 
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" i mbar . 

55. A met h c d cf mass spectrometry as claimed in any cf. claims 5 2 . 5 3 cr 
54. wherein said collision cell forms a s d b s t a 1 1 i a I I y gas-tight enclose 

re. 

56. A method cf mass spectrometry as claimed in any cf claims 33-55, Fh 
ereio said predetermined daughter ions comprises icos selected frcm the 
group c om p i i s t o g : (i) i mm g d i am ions frcm peptides; (ii) functional group 
s including phosphate group PO3" ions frcm phospfacryl ated peptides; and 
(iii) mass tags which are intended tc cleave frcm a specific molecule cr 

class cf molecule and tc be subsequently identified thus reporting the 
presence of said specific molecule Gr class cf mclecile. 

57. A method cf mass spectrometry as claimed in any- cf claims 3 3 - 5 6, *h 
ere in operating said fragmentation means (4) in said first mode comprise 
s the step cl supplying a voltage tc said fragmentation means (4) select 
ed from the groop comprising: (i) >= 15V; (ii) >= 20V; (iii) >« 25V; (iv 
) >-3QV; (0 >= 50V; (vi) >= 1 0 OV ; (vii) >= 150V; and (viii) >= 2 O0V ? w 
here *>=* stands (cr 'greater than cr eqoal tc 3 . 

58. A metfced of mass spectrometry as claimed in any cf claims 33-57. ?h 
ereio operating said fragmentation means (4) in said second mcde ccmpris 
es the step of supplying a toltage tc said f ragme nt a t i cn means (4) selec 
ted frcm the gronp comprising: (i) <- 5V: (ii) <= 4.5V; (iii) <= 4V; (iv 
) <= 3-5V; !v) <= 3Y; (vi) <= 2.5V; (vii) <= 2V; (viii) <- 1.5V; (ii) <= 

IV; (x) <« 0.5V: and (xi) substantially OV, where " <=" stands for "less 
than cr equal tc a . 
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59. A method of mass 5 pe c t icme t r ? compr i si ng I he steps of: 
providing an ico scarce ' 1 } which generates iocs; 
character ised in that said method further comprises the steps cf: 
passing the ions tc a fragmentation means (4) "which operates id at least 
a first mode with ao applied voltage greater than or equal to 15V where 
in at least a portico cf the icos arc fragmented tc produce daughter icn 
s and a second mode with an applied ullage less than or equal Lc 5V whe 
rein substantially less cf the ioos arc fragmented than io said first mc 
de ; 

mass analysing at least some cf the ices which bare passed through said 

fragmentation means (4l operating io Said fust mode; 

mass analysing at least seme uf the icos which have passed through said 

fragmentation means (4) operating in said second mode; 

identifying at least cue daughter icn and at least one candidate parent 

ion; and 

deternioiog whether: (i) said at least one daughter icn corresponds frith 
coe or more predetermined daaybt cr ions; and/or [ii) said at least ooe 

daughter ion and said at least one candidate parent ion could be related 
by the loss of a predetermined icn or neutral particle. 

60. A mass spectrometer comprising: 

an icn source !l) for generating ions; 

a fragmentation means (4) switcbable between at least a first mode where 
io at least a portion cf the ions received by Said fragmentation means ( 
4) are fragmented tc produce daughter ions and a second mode wherein sub 
staotially less of the icos are fragmented than in said first mode; 
a mass analyser fcr mass analysing at least some cf the ioss which have 
passed through said fragmentation means U) operating in said first mode 
and for mass analysing at least seme of the ions which hare passed thro 
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ugh said fragmentation means (4) operating in said secu&d mciic; a od 
a control system for centre! i iog said mass s pec t r cme t e; ; 
wherein said coatrol system is arranged tc identify at least cot daughte 
r ico and at least one candidate parent ico a nci tc determine whether: (i 
) said at least one daughter, ion corresponds with one ci mere pfedetermi 
ned daughter ices; aad/cr (ii) said at least one daughter icn and said a 
t least one caadidale parent ion could be related by the loss cf a prede 
t ermi lie d i cn or neutral particle. 

61. A mass spe c t r cmc I c r as claimed in claim 60, Therein said mass analy 
ser is selected f r cm the group comprising: (i) a qnadrupcle mass filter: 

(ti) a tirae-ci-f 1 ight mass analyser: (iii) an icn trap; (iv) a magnetic 
sector analyser; and (0 a Fcurier Transform Icn Cyclctrcn Resonance V 
FTICD mass analyser. 

62. A mass spectrcmeter as claimed in claim 60 cr 6l ? further ccmprisin 
g a multi-element icn optical lens (3) for filtering ions so that icos h 
afing a mass-tc-charge ratio within a first range are substantially Iran 
smitted and so that tbe transmission cf ions having a mass-tc-charge rat 
iocatside of said first range is substantially reduced. 

63. A mass spectrometer as claimed in claim 62. wherein said ni 1 1 i-e I em 
eat ion optical Icos (3) comprises a qaadrapcle mass filter. 

64. A mass spectrometer as claimed id any of claims 60-63, wherein said 
f ragmeata ti cn means (4) comprises a collision cell selected (rem the gi 

cop comprising: (i) a quadrupcle red set: (ii) an hexapcle iod set; (iii 
) an octopcle rod set; and (iy) an electrode ring set. 
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65. k mass spectrometer a? claimed it claim 64. wherein said collision 
cell f c xms a substantially g a 5 - tight enclosure. 
65. A mass spectrometer comprising: 
an ion source (l) fcr generating ions: 

a fragmentation me a n e (0 switchable between it least a first mode with 
an applied vcltage greater than cr equal tc 15V therein at least a pcrti 

s 

cn of the ions received by said f r agmenta t i on mc a □ e (4) are fragmented t 
c produce daughter iens and a second mode vith an applied vcltage less t 
hao or equal tc 5V wherein substantially less of the icos are fragmented 

than i a Said first mod e ; and 
a mass analyser fcr mass analysing at least seme of the icos which have 
passed through said f ragmentat i en means (4) operating in said first mode 

and for nu $ s analysing at least seme of the iuos which have passed tore 
ugh said, i i agmenta t i en means (4) operating in said second mcde; wherein 

said mass spectrometer is configured io identify at least one dangbter 
i o o and at least one candidate parent ion and tc determine whether: (i) 
said at least one daughter ion corresponds with one or mere predetermine 
d daughter ions; and/cr (ii) said at least. one daughter ion and Said at 
least one candidate parent ion ccold be related by the loss of a predete 
rmined ion or neutral particle. 

67. Apparatus arranged and adapted to perform the method of any of clai 
ms 33-59. 

3 DETAILED DESCRIPTION OF INVENTION 

The present invention relates, tc methods and apparatus fcr mass spectrom 
c t r y . 

Tandem mass spectrometry (MS/MS) is the name given to the method of mass 
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spectrometry Therein parent ions generated frcrc a sample are selected b 
y a first mass filter /a oalyser ana aie then. passed to i collision ceil w 
herein they are fragmented -by ccl I isicns with neutral jas molecules tc y 
t el d daughter (cr "product") icns, The daughter ioos lie then mass anal 
ysed by- 3 second mass filter /analyser, and the resulting daughter ion sp 
c c t r a can be used to determine the s t r n'c t a r e c f the p a r c 0 1 U r pieciirscj 
r") ics. Tandem mass spectrometry is particularly useful for the analys 
is c( complex mixtures such a s b i cmc I ecu I es since it arc ids the need fcr 

chemical clean-Bp prior tc mass spectral analysis. 
A particular fern of tandem mass spectrcmetry referred to as parent ioo 
scanning is known, wherein in a first step the second mass f i I te r/a na 1 y s 
ei is arranged to act as a mass filter sr that it nil! only transmit and 

detect daughter ions having a specific ma s s -t o~c ha r g e ratio. The speci 
fic raass^tc-charge ratio is set sc as tc correspond with the mass-to-cba 
rge ratio of daughter ioos which are known to he characteristic products 

which result from the fragmentation ci a particular parent icn cr type 
of parent ica. The first mass filter/analyser upstream of the collision 

ceil is then scanned whilst the seccod mass filter/analyser remains fix 
ed tc monitor for the presence of daughter ions having the specific mass 
-to-charge ratio. The parent icn mass-tc-cbarge ratios which yield the 
characteristic daughter icns cao then.be determined. As a second step, 
a complete daughter icn spectrum fcr each cf the parent ioo ma s s - t c-cha r 
ge ratios which produce characteristic daaghter ioos may then be obtaioe 
d by operating the first ma s s filter/analyser so that it selects parent 
icns having a particular mass-tc-charge ratio, and scanning the second m 
ass filter/analyser to record the resulting foil daughter ico spectrum. 

This can theo be repeated fcr the ether parent ions cf interest. Pare 
nt ion scanning is useful when it is net possible to identify parent ion 
S it a direct mass spectrum due to the presence cf chemical noise, which 
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is freqaently encountered, fcr example, Id the electrospray mass spectr 
a c f b i omc 1 ec ui es . 

Triple qaadrnpclc mass spectrometers having a first quadrupcle mays iilt 
er/ana!?ser ; a quadrupcle collision cell into -which a collision gas is i 
otroduced. and a second qnad.iupclc mass f i 1 ter/aaalyse r are well knewn. 

Another type of mass spectrometer (a hybrid quadrupo le-time of flight ma 
ss spectrometer) is known wherein the second quadrupcle mass ftiter/anal 
y s e r is replaced by an o r t h o g c o a I time u f f I i g b l mass analyser. 
As will be showo below, both types of mass spectrometers vheo ■ « e d tc pe 
r f o r m c o c t e n t i cna 1 methods of parent ico scanning and Subsequently cbtai 
ning a daighter ion spectrom cf a candidate parent icq suifer from low d 
oty cycles which render them nnsuitable fcr use in applications whick re 
quire a higher doty cycle i.e. when osed io on-line chromatography appli 
ca t i oos . 

Quairupcles hare a duty cycle of approximately lOQSe when being used as a 
mass filler, bat their duty cycle dicps to arouod 0.l!£ffhen then are os 

ed in a scanning mode as a mass analyser, for example, to mass analyse a 
mass range cf 500 mass onits with peaks coc mass unit wide at their bas 

e . 

Orthogooal acceleration time cf flight analysers typically have a duty c 
ycle within the range 1 -2 0% depending upon the relative m/z values ol rh 
e different ions ia the ? pec t r am. However, the dnty cycle remains the s 
ame irrespective cf whether the time of flight analyser is being used as 

a mass filter to transmit icos having a particular mass tc charge ratio 
, or whether the time cf flight analyser is being QScd to record'! fill 
mass spectrum. This is dee tc the nature of operation cf time cf flight 

analysers. Whco used to acquire and record a daogher ion spectrum the 
doty cycle ci a time of flight aoalyser is typically around 5/j. 
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T c a first apprcxiniat icq the ccnvtnt icnal duty cycle when seek i n £ to d i s 
cover candidate parent ions using a triple qua dm pole mass spectrometer 
is approximately 0.1°6 (the first quadrnpcle mass filtei/analyscr is stao 
oed with a duty cycle of 0 . 1% and the seccrjd qaadrupcle mass filtcr/aaal 
y S e r acts as a mass filter with a doty cycle c f 1 Q 0 9c) . The duty cycle w 
hto then obtaining a daughter ica spectrum fcr a particular candidate pa 
rent ico is alsc approximately $.\% (the first qnadrnpele mass filtcr/aa 
alyser acts as a mass filter with a duty cycle cf lOOSc. and the second q 
uadfapcle mass filter /analyser is scanned with a duty cycle cf apprcxima 
tely 0.1&). The resultant duty cycle therefore cf dip. covering a number 
cl candidate parent ions and producing a daughter spectrum cf one cf the 

candidate parent iens is a p p r cx ima I e 1 y D.l3c/ 2 (due tc a t«c stage pre 
ctss with each stage having a duty cycle cf 0.1?c) = 0 . 05%. 
The doty cycle cf a quadripole-time cf flight mas? spectrometer fcr disc 
crering candidate parent iens is appr ci ima te I y 0 . 0 0 5 So (the qnadrnpele is 

scanned with a duty cycle of approximately 0.1% and the time cf flight 
aoaiyser acts a mass filter with a duty cycle of apprciimat e ly 5 c t) • One 
e candidate parent ions have been discovered, a daughter icq spectrin cf 

a candidate parent ion can be obtained with an duty cycle cf 1% (the qii 
adrnpcle acts as a mass filter with a doty cycle nf approximately 10OS& a 
nd the time nf flight analyser is scanned with a doty cycle of 5%). The 

r e s a 1 1 a o t duty cycle therefore c 1 discovering a number of candidate par 
en: ions and producing a daughter spectrum cf one cf the candidate parco 
t iens is approximately O.O055b (since 0.0 05% « 5%) . 

As can be seen, a triple quadripole has approximately an order higher do 
ty cycle than a quad rupc I c-l imc ol flifbt mass spectrometer fcr performi 
og ccDteot icnal methods of parent icn scanning a o d obtaining confirmatcr 
y daughter ico spectra of discovered candidate parent ions. However, sa 
ch duty cycles are not high enough tc be used practically and efficient! 
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y f c f analysing real rime data which is required v h c o the scarce c f ions 

is the elaent from j c h r cms t eg I a ply defice. 
Electrospray and laser descrptico techniques have made it possible tc g e 
Derate mclecolar tens having very high nclccilai weights . and time cf H 
ight mass analysers are advantageous for the analysis cl such large mass 

6 i cmc I e c o I e s by virtue cf their high efficiency it recording a full mas 
s spec tram. Tbey alsc have a high resolution and mass accuracy. 
Other fcrras cf mass analysers such as qoadrupclc ica traps are similar i 
d some ways to time of flight analysers, in that like tine cf flight ana 
lysers, they can net provide a continuous output and hence have a lew ef 
ficiency if used as a mass filter tc continuously transmit i c rj s which is 

an important feature cf the conventional methods cf parent ion scanning 
Beth time of flight mass analysers and qoadrupcle ico traps may be te 
rmed 'discontinuous output mass analysers". 

It is therefore desired tc provide improved methods and apparatus for ma 
SS spectrometry, and according tc a preferred embodiment tc provide impr 
oved methods and apparatus which can identify candidate parent ions fast 
er than conventional methods which would be suitable fcr ose in chromatc 
graphy applications on a real time basis. 

According tc a first embodiment and first aspect of the present inveotio 
i, there is provided a method cf mass spectrometry as claimed in claim 1 

According tc the preferred embodiment cf the present invention, the firs 
t step cf discovering candidate parent ions can be performed with a duty 

cycle of 2.5$ (the quadruple mass filter has a duty cycle of iOO/c and 
the lime of flight analyser has a doty cycle of 5%, but two experimental 

rues need tc he performed, one with the collision cell operated io a hi 
gh fragmentation mode and the ether with the collision cell operated in 
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a lew fragmentation mode, thereby hairing the resul cane duty cycie from 
5% tc 2.5%). The sec end step of confirming the identify cf a particular 

candidate parent icq by performing a foil daaghter spectrum cf (be c a n d 
idate parent i c n can be perfcriaed with a dity--cyc.lt cf 5? (the qndropol 
e again operates as a mass filter with approximately 100% duty cjcie and 

the time of flight analyser acts as an analyser with a duty cycle of ap 
proximately 5/t) . According!?, only three experimental runs are required 

in order tc discover a cumber cf candidate parent tens and tc produce a 

daughter i c d spectrum of ooe of the candidate parent icss, each experim 
enta! ran having a duty cycle cf 5-c. The resultant creraif duty cycle i 
s there for e 5% / 3 « 1 . 67?6. 

The preferred embodiment therefore has a duty cycle which is apprciiinate 
ly 30 times better than that cf the conrentional method performed on a t 
riple qaadiupole arrangement, and shows an improvement greater than 300 
times compared with the conventional method performed on a qnad r opc I e-t i 
me cf flight mass Spectrometer. Such an improvement enables the apparat 
us and method according to the preferred embodiment tc used effectively 
at on-liae chromatography time scales. 

When the f r a gme o t a t i o d means is operated in the first mode, a high vclta 
ge is applied tc the f r a gme n t a t i c o means which causes the ions passing t 
herethreugh to fragment. However, when the fragmentation means is opera 
ted in the second mode then the ions are sibs t ao t i a 1 1 y less fragmented a 
nd there is a higher proportion cf molecular ions which are transmitted 
therethrough. 

Preferably, operating the fragmentation means is the first mcde comprise 
s the step of supplying a voltage to the f r a gme a t a t i o o means selected fi 
cm the group comprising: (i) >= 15V; (ii) >= 20Y; (iii) >= 25V; (iv) >= 
30V; (t) >- 50V; (vi) >= 100V; (vii) >= 150V; and (viii) >= 2 0 0 V ; where 3 
>=" stands for "greater than cr equal to", preferably, operating the fr 
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a g m e o t a t i o n means in the second mode (emprises the step cf supplying a ? 
oltage tc the frigncota't icq means Selected (rem the group comprising: (i 
) <• 5V; (ii) <= 4.5V; (iii) O 4V; (n) < = 3.5V; (,) <= 3V; (vi) <= 2.5 
V; (fii) <= 2V; (viii) <= 1.5V; (ix) < IV; (1) <« 0.5V: a ad Cxi) s.nbsta 
nt rally 0V ; where 11 (= n stands for "less than cr equal tc = . However, acc 
ording tc less piefened arrangements for belt tbe first and second embo 
d intents cf the present invention, a vcltage bet ire en 5 V and 15V could be 
QSed for the first mode and/cr the secood mode. In such c i r c 0 ms t a n c e s i 
t would be expected that a proportion of the icos id the high energy mod 
e to 0 1 d net actually be fragmented and similarly, in tbe lew energy mode 
, a proportion oi the inns ffctld be fragmented. 

U order tc filter the ions, a first mass filter upstream cf a fragments 
tion means, e.g. a collision celt, is preferably arranged so that only i 
ens having a ma ss -tc-cha rgt ratio (hereinafter n m/ r ) greater than a cer 
tain m/z are transmitted i.e. according tc a preferred embodiment the fi 
rst mass filter is initially set tc operate a? a high pass filter. The 
cutoff point cay be set so that it is a little higher thac the m/z valae 
cf the character i s t i c daughter ico which is being monitored fcr. For e 
xample, if the characteristic daughter ion is known tc have a m/z valoe 
of 300, then the first mass filter may be set tc only transmit ions haVi 
ng a m/z greater than say 350. Therefore, if an ion having a m/z raloe 
of 300 is subsequently detected by the mass analyser, then it follows th 
at the ion must be a daoghter ico cansed by fragmentation of a parent in 
0 in the fragmentation means since parent ions having this m/z wen Id be 
filtered cut by the first mass filter. 

Preferably, the first range is variable. The range cf iocs transmitted 
by the first mass filter. can therefore be altered every scan if necessar 

y. 

Preferably, the step cf mass analysing at least some of tbe ions which h 
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ave passed thrcogn the fragmentation means cperaiing in the Mm mode c 
omprises obtaining a first mass spec tram and wherein the step cf mass an 
alysiDg at least seme of the iens which have passed through the fragment 
aticn means operating in the second tnede comprises obtaining a second m 
ass spectrsm. 

Preferably, alter the step of mass analysing at least seme cf the inns w 
hicb have been passed through the f ragmentat i cn means operating in the s 
eccnd mode, the method further comprises the step cf identifying at leas 
t one candidate parent ten. The at least cne' candidate parent ion is p r 
eferably identified by. comparing the intensity cf ions having a certain 
mass-tc-cfrarge ratio in the first mass spectrum with the intensity cf ic 
ns having the same ma s s - t c -c h a r ge ratio in the second mass spectrum. If 
a high intensity peak is found in the lev energy spectrum hot not in th 
e high energy s pec t rem then it is likely that the peak represents a cand 
idtte parent ioi. 

Preferably, the method further comprises the steps of: filtering the icn 
s upstream cf the fragmentation means so that ions having a ma s s - t c~c h a r 
ge ratio within a second range which inc lades at least one candidate par 
ent ion are arranged to be substantially transmitted tc the fragmenfcatic 
n means and so that the transmission of ions having a ma s s - 1 n -charge rat 
ic cotside cf the second range is substantially reduced; operating the f 
ragraent a t i c n means so that substantially more cf the ions are Iragmented 
than in the second mode; and then mass analysing at least seme cf the i 
ens which. have passed through the fragmentation means. In otherwerds, o 
nee a candidate parent icn has been identified, then the first mass filt 
er is preferably set tc operate as a narrow baodpass filter Sibstantiall 
y c o i y allowing ions at the m/z value c f a particular candidate parent i 
on to be transmitted. According tc a preferred embodiment, the second r 
ange is selected <c that only ions baring ma S s - t c - c h a r g e ratios within 
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± i iia s s - 1 c - c h a i g c o u i i s c I a c a d d i d a t e parent i c n arc substantial ly 1 1 
ansmitted fcc the fragmentation means (4), wherein x is. selected from the 
group comprising: (i) 0.5; (i i) 1.0; (iii) 2.0; (ii) 5.0; !v) 10. 0; (vi 
) 15.0; anil (tii) 2(1.0. The mass spectrometer therefore operates in a t 
andem MS mode. 

Preferably, the icn source is selected from tbe group ccmprising: (i) an 
electrcspray ion suuice; (ii) a d atmospheric pressure ciiemical icniziti 
oo ica source; and (iii) a malrii assisted laser desorption ion source. 

S n c h ion s c a r c e s , especially tbe first t wc , may be provided with an c 1 
uent ever a period cf time, the elueot hiving been separated from a mixt 
nre by means cf liquid c b ruma t og i a ph y . 

Preferably, tbe ico source is selected from the group comprising: (i) 3D 
electron impact ion scuice; (ii) a chemical ionization icn source; and 
(iii) a field icnisaticn ion scuice. Such icn sources nay be provided w 
ith an eiuent ever a per i y d of time, the elcent having been separated fr 
cm a mixtore by means cf gas chromatography. 

Preferably, the mass analysing steps are performed by an analyser select 
ed from the gicnp comprising: (i) a qnadrupcle mass filter; (ii) a time- 
cf-flight mass analyser; (iii) an ion trip; (ii) a magnetic sector anily 
ser; and (?) 2 Fear i e i Transform Uo Cyclotron Resonance ("FT ICR") mass 
analyser. A t ine-c f-f 1 ifat mass analyser is particularly preferred. 
Preferably, the filtering stcp!s) are performed by a mu I t i -e i eme o t ion o 
ptical lens, preferably a qnadrupcle red set. vhicb is further preferibl 
y provided with both a RF and a DC electric field. 

Preferably, the m a 1 1 i -e I eme n t ion optical iens is arraoged ic substantia 
Ily traosmit only ions having mas s-tccharge ratios greater than a first 
value. Farther preferably, the first value is selected from the grcop 
comprising: (i) 100; (ii) 150; (iii) 200; (iv) 250; (v) 300; (ii) 350; ( 
vii) 400; (viii) (50; and (in) 5 0 0. The step of identifying daughter io 
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os io a preferred embed imeo t comprises identifying at least 5 cue icr.s wh 
i c h arc d c 1 e r m i 0 e d t c have m a s s - 1 c - charge ratios less i h a n the first v a 1 

Preferably-, the fragmentation means comprises a collision cell selected 
f r cm the grenp comprising: (i) a qiadropclc rod set; (ii) an bexapele ro 
d set; (iii) an eclopele red set: and (iv) an electrode ring set. Firth 
er preferably, the collision ceil is operated in a RF only mode a 0 d in a 

prefer ied arrangement is provided with a collision gas at a pressure wi 
thin the range 10'* tc 10" 1 mbar, preferably 1(T 3 tc 1G~ 2 mbar, Further 

preferably, the cell is ico cell forms a substantially gas-tight c q c 1 c s u r 
e. The ccllisicn gas may preferably comprise helium, argco, nitrogen, a 
i r or me thine . 

Preferably, the predetcrmiocd daughter ions comprises ions selected from 

the group comprising: (i) iaimcBium ions from peptides; (ii) functional 
grenps which includes, for example, phosphate (jrcup PO 3 ~ iocs from phesp 
horylated peptides; and (iii) mass tags which" are intended tc cleave fro 
m a specific molecule or class cf raclecole and ic be subsequently ideoti 
tied thns reporting the presence cf the specific mclecole cr class of mo 
I ecu I e . 

According to a preferred embodiment it is possible tc search for caodida 
te parent ions by interrogating the high collision energy MS spectrum (i 
.e. daughter ion spectrum) for mere than ere characteristic daughter ico 
. This may be particularly relevant when the parent ions have been "tag 
g e d" with a specific mass t a g : A mixtore cf two cr mere parent ions mai 

be tagged each with a difierent mass" tag and which coold be discovered 
by simultaneously monitoring fci two cr more characteristic daughter ion 
s. Hence, parent iens frcm two cr mere different classes of compounds c 
ouid be discovered in the same set of eiper itaeots - 

According tc a second aspect of the present invention there is provided 
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a met tied cf mass s pe c t \ cine t r y as claimed in claim 25. 
According t c a t b i r d aspect of the present i n v c n t i c a , l, h e r e is provided 
a mass spectrcmetcr as claimed in claim 26. The imp I eme n t a t i c a cf the » 
aricos steps by a cootie I system, preferably on an tenia Lie control system 
, is merely a preferred feature. In a less preferred embodiment some cf 

the methed step? ccnld involve htmao interact icn f r cm an cperatci. 
According to a fourth aspect of the present io vent ion. there is provided 

a mass spectrometer as claimed in claim 31. 
According t c a fifth aspect of the present i o v c a t i c n . 1 b e r e is provided 
apparatus arranged aod adapted tc perfcrm the method cf any cf claims I - 
25. In a less preferred embodiment some cf the method steps may involve 

ham an interaction with an cperatcr. 

According tc a second embodiment and sixth aspect of the present ioveoti 
on, there is provided a methed cf mass spectrometry as claimed in claim 
33. 

Whereas in the first crabc d i me d t . the fragmentation means was operated in 
the second mode (where there was a lesser degree cl f i agmen t a t i o d) ooly 
once a daughter inn cf interest had been identified, according tc the s 

eccnd embodiment the fragmentation meacs preferably switches back and fo 

1 1 h between the high and low energy modes i.e. a parent ico spectrum may 
be obtained without baring first determined (or irrespective of) whet be 

r. for example, a predetermined daughter ion has been determined to be p 

resent . 

Three different modes cf operative (ci sab-embodiments) are contemplated 
by the second embodiment. In a first' mode of cperaticn it is only nece 
ssary to determine whether a predetermined daughter ten is present io th 
e daughter ion spectrum. io this part icn 1 a t mcde it is net strictly nee 
e £ s a r y for a candidate p a r e o t icn to have first been i d e o t i f i c d . a 1 1 b o a g 
b this is preferable. In a sec cod mode cf operation it is determined wh 
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ether there could be seme connect icD be i wc e a at least cnt daughter ir, n a 
ad at least c n e candidate p a 1 1 o t i c d b y virtue of the Ion of a p t e ri 1 1 e i 
mined icn (such as, fci example, a functional grcup) cr the less cf a ne 
otral particle. A third mode cf cperatici is aisc c o o t emp 1 a t e d in which 
the determining steps cf bet b the first and second modes cf operation m 
ay be performed- 

Preferabiy, tbe method further comprises the step of filtering the lens 
upstream cf the fra^mentaticn means so that iens hating a ma s S - t o - c b a r g e 
ratio within a first range are substantially transmitted and sc that in 
e transmission cf iens having a mass-U-chai go ratio ottside cf the firs 
l range is substantially reduced. 

Preferably, the first range is variable and be ace may be altered each sc 
an . 

Preferably, the step cf identifying at least one daighter i c o comprises 
determining at least some iens which have a mass-to-charge ratic which f 
alls cotside cf the first range. According tc the second embodiment, id 
e n t i f r i n g a daughter icn on the basis c f the daughter ion h a v i o g a m/t 1 
cwei than the cut-eff value cf a first mass filter is only one way cf id 
eotifving a daughter icn. Other ways cf identifying a daughter icn are 
also contemplated . 

Preferably, the step cl mass analysing at least some of the ions which h 
ave passed through the f ragmeutat ioo means operating in the first mode c 
emprises obtaining a first mass spectrum and wherein the step cf mass an 
alysing at least some cf the (ens which have passed thrcogh the fragment 
atico means operating in the second mode comprises obtaining a Second ma 
ss spectrum. 

Preferably, the at least cue candidate parent ion is identified by corapa 
ring the intensity of icos having a certain mass-tu-chargc ratio in the 
first (daughter ion) mass spectrum with the intensity of ions having the 
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same mass-tc-charge ratic in the second (parent ion) mass" spectrum. Pr 
cfcrably, the at least cm daughter ion \i identified Jby comparing the i 
oleositj of iocs having a certain raass-tc -charge ratic in the first mass 

spectrum with the intensity cf ions having the same mass-tc-char^c rati 
0 in the second mass spectrum. A candidate parent ico will preferably h. 
ave i uncb higher inteasity in laid second mass spec tr did ccmpa red with s 
aid first spectrum (and vice versa fcr a daughter icn). 
Preferably, if it is determined that: !i) the at least one daughter icn 
coircspcods with a predetermined daughter inn; and/cr (ii) the at least 
one daightcr ion and the at least one candidate parent ion cculd be r c 1 a 
ted by the less ol a predetermined icn cr neutral particle, then the met 
hed further comprises the steps cf: filtering the ions upstream cf f r a gin 
e o t a i icn means sc that iens baring a. ma s s - 1 c -char ge ratic within a seccn 
d range which includes at least one candidate parent ion are arranged tc 

be substantially transmitted tc the fragmentafcicn means and so that the 

transmission of inns having a mass- tc-charge ratio cutside of the scccn 
d range is sabstaotially reduced; operating the fragmentation means so t 
hat substantially raoie cf the ions are fragmented than in the second mod 
e ; and 

mass analysing at least some cf the ioos which have passed through the f 
r a gme o t a t i co meaos. In other words once a daughter icn of interest cr a 
d interesting connection or relationship between a parent icn and a dacg 
b t e i ion has been established, then the mass spectrometer switches to op 
erate in a tandem MS mode . 

Preferably, the second range is selected so that only icos having mass-t 
c-charge ratics within ± x ma s s - t o- c ha r g e units cf a candidate parent i 
cn are substantially transmitted tc the fragmentation means, wherein x i 
s selected Ircm the grenp comprising: (i) 0.5; (ii) 1.0; [iii) 2.0; (i?) 
5.0; (v) 10. 0; (u) 15.0; and (vii) 20.0. The mass filter upstream cf 
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the collision cell therefore preferably operates as a narrow bandpass fi 
I icr . 

Preferably, the ion source is selected from the gmp comprising; (i) an 
clccUBSpray i c □ source; (ii) as atmospheric pressure chemical icnizati 
on ico source; and (iii) a raatrii assisted laser descrpticn icn source. 
Preferably, such as ion source, especially the first two, is prcrided si 
th an clucnt ever a period of time, the eUent having be e o separated f r c 
rn a mixture by means of iiquid chroma t.cgj a p h y . 

Preferably, the ico source is selected from the group comprising: (i) an 
electron impact icn scarce; (ii) a c h e m i c a 1 icoizitico icn source; and 
(iii) a field ionization icn source. Preferably, snch an ion source is 
provided with an clueot ever a period of time, the elnent having been s e 
parated from a mixture by means cf gas cbrcmatcgrapby. 
Preferably, the mass analysing steps are performed by an analyse? select 
ed from the group comprising: (i) a quadrupcic rod set; (ii) a tint-of-f 
light mass analyser; (iii) an icn trap: (if) a magnetic sector analyser; 
and (v) a Fourier Transform loo Cyclotron Resonance ( 3 FTICIT) mass anal 
yser. A t itoe-o f- f'l i gbt mass analyser is particularly preferred. 
Prefer ably, tbc filtering stcp(s) are performed by a ma 1 1 i -c I erne n t icn c 
ptical lens, preferably a quadripole mass filter. Further preferably, b 
ctb a KF and a DC electric field are applied tc the no 1 1 i -el tacit icn cp 
tical lens . 

Preferably, the mn I t i -e 1 emeo t icq optical lens is arranged tc substantia 
My transmit only ions han ag ma s s-U-cha rge ratios greater than a first 

value. Further preferably, the first value is selected from the group 
comprising: [i) 100; (i i) 150; (iii) 200; (if) 250; (v) 300; (vi) 350; ( 
vii) 4 0 0 ; (mi) 450; and (ix) 500. Preferably, the step of identifying 

daughter ions comprises identifying at least some icos which. are determ 
i d e d to have mass-to-charge ratios less than the first ? a 1 1 e . 
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Preferably, the f r a gme d I a t i c o means comprises a collision cell selected 
frcrn the group comprising: (1) a (jcadrupcle rod set; (ii) an hexapole rc 
d set; [ill) a a o c t o p o 1 e rod set; and ( i v ) a o e I c e t r c d e ring Eel. P r e I e 
rably, the cell i si on cell is operated in a RF only mcde. and is further 
preferably presided vith a cell is ion gas at a pressure within I lie range 
10" 3 tn 10" 1 mbar. preferably Id" 3 tc l()" 2 mbar. Preferably, the collis 
ion cell forms a substantially gas-tight enclosure. 

Preferably, the predetermined daughter tens comprises icos selected from 

the gfcnp comprising: (i) immcninm icos from peptides; (ii) (aocticoal 
groups iocludiag phosphate group POj~ iens from phosphcrv lated peptides; 
and (iii) mass tags which are intended tc cleave from a specific mclcee 
le or class of molecule and to be subsequently identified thus reporting 
the presence cf the specific mclecule or class of molecule. 
Preferably, operating Ibe f r agmeo tat ion means in the first mode comprise 
s the step cf supplying a voltage tc the f r a graen t a t i on means selected Ir 
om the group cemprising: (i) >= 15V; (ii) >= 20V; (iii) >= 25V; (ir) >= 
30V; (f) >= 50V; (vi) > 100V: (v i i) >= 150V; and (nii) >= 2 0 0V. *here 
' >=" Stands for 'greater than or equal to n . 

Preferably, operating ibe fragmentation means in the second mcde ccmpris 
es the step of Supplying a voltage tc the fragmentation means selected f 
rom the group comprising: (i) O 5V; (ii) <> 4.5V; (iii) <= 4V; (iv) <= 
3.5V; (i) <= 3V; (vi) <= 2.5V; (riij <= ZV; (viii) <= 1.5V; (ii) <- IV; 
(i) <■ 0.5V; and (xi) substantially OV, where s <=" stands fcr Mess than 
or equal tc' . 

According tc a seventh aspect of the present invention, there is provide 
d a method cl mass spectrometry as claimed in claim 59. 
According tc an eighth aspect cf the present invention, there is provide 
d a mass spectrcmeter as claimed in claim 60. 

According a ninth aspect of the present i event ico, there is provided a m 
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ass s {] e c t r c m c t c r as claimed in claim 66. 

According to a tooth aspect of the present i n r e n t i o n : .there is provided 
apparatus arranged and adapted tc perform tbe method of any of claims 33 
-59. 

Although it is preferred in .tbe liist embodimect (and optionally in the 
second embed ime n t) for the quadrtipcle mass filter tc have initially a hi 
gh pass characteristic, Id less preferred embodiments the mass filter ma 
y have a bandpass characteristic. It is also contemplated in less prele 
rrcd embodiments that tic mass filter cculd have a ' V- n o t c h e d n tiansmiss 
ten profile i.e. high transmission at low aod high mass-to-charge ratios 
and preferably linearly ci otherwise rapidly decreasing/increasing trao 
'mission either side cf a mid-pciot. 

The imp I enent at i on of alternating lev aod high collision energy in both 
the first and second embodiments allows for (candidate) parent icos to b 
e selected based on the occurrence of a specific daughter ion ra/j value, 
either ocmioal or exact , in the high collision energy "MS survey 3 sped 
rum. According tc the Second embodiment, the selection criteria ma? a Is 
c include selection based on the occurrence of tens with a specific diff 
erence in a/i valae, either nomioal or exact, between these io the low a 
od high collision energy B MS survey' spectra. 

Once one or more parent ions ha*c be e o discovered, then according tc bet 
h embodiments, a number of further criteria may be nsed for the further 
selection and/cr /eject ion of candidate parent ions i.e. tc refine the i 
ist cf possible candidate parent tens down tc a shortlist cf more defini 
te candidate parent ions. These criteria ioclode: 

(a) selection based od required charge state (typically Z>=1 for peptid 
e S , Z = l for drug metabolites); 

(b) selection based on relative oi absolute intensity; 

(c) selection based on inclusion within a preferred ra/t range; 
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(d) selection based cd list cf preferred m/z values, either nominal or 
exact; 

(e) i eject ion based cn list cf excluded m/z values, eithei otiminal or e 
xact (typically known background ions cr matrix related impurities); 

(f) rejection based cn temporary (dynamic) list cf excluded m/f values 
(typically precursor ions that have recently been analysed to prevent d n 
pi icaticn) . 

According tc the second embodiment and as a less preferred feature cf t b 
e first embodiment, daughter ions Icrnied by the f r agme nt a t ic o of mnltipl 
y charged parent sens may be detected by the presence cf iens having mas 
s-to-charge ratios higher than the mass-tc-cha r g e ratios cl candidate pa 
rent ions. This may be particularly appropriate wheo parent ions are ge 
nerated by e lect rcspray . 

According tc the first and second embed imen t . in the event cf miltiple c 
o-eluting components the true precursor icn may be discovered by using i 
he first mass filter, MSl. tc select each candidate precursor ho in t u r 
n tc record its MS/MS fragment spectrin. However, the number of spectra 
tc be acquired will cniy be increased by a number equal to just the nam 
be i cf candidate precursor ions. This is stili much less than the many 
hundreds of spectra required by traditional parent ion scanning methods. 

In the case cf multiple co-eluting components there is scope for reducin 
g the number cf candidate precursor ions by the use cf additional filter 
iog criteria. Fcr example, tjie targeted precursor ion may be discovered 
if tie high collision energy spectrum is also interrogated for the pies 
ence of one or mere characteristic neutral loss ions corresponding tc ea 
ch cf the candidate precursor iens observed in the low collision energy 
spectrum. This may reduce the number of MS/MS fiagraeot spectra tc he re 
corded, in many cases to just one spectrum. 
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In principal, if the number cf candidate precursor iens is four or raoic 
thf ntirnbe t cf MS/MS spectra lo be acquired c c u I d be further reduced by i 
epeatedly sub-dividing the candidate precursors in two equal cr near c q b 
al sub-grenps according to their mass. The high collision energy specir 
ti m (or alt the precursor iens within each sub-grcup vculd then be record 
ed by setting the lew-mass c n t - c f f for MS 1 to a m/i vi lie dividing the t 
wc groups. By a process of elimination this procedure won Id allow a r i i v 
al at the targeted precursor ion in less stages. In practice, this appi 
oach is preferred only whet the number cf candidate precursor iens is si 
x or mere. Nevertheless, tc illustrate the potential value cf tiis metric 
d, a mixture cf 16 components ma v require 16 MS/MS spectra to discover t 
he target precursor ion, whereas this approach could reduce the required 

number of MS/MS spectra tc five. 
Precursor icn discovery based en the presence cf a specific product ion 
rn/j value reqeires initial i o t e r r oga L icn of only the high energj C 1 1) [Cc 
Mis i_o n Induced De ccupc s i t ic n) \M5 survey" spectra. If appropriate, the 

m/z transmission range cf the quadrupcie mass filter may be set such as 

not tc transmit the m/z value cl the specified product icn. thereby rem 
cviog any background ions from the source at that m/z value. .Any iens a 
t the specified m/r value can cnly be product ions. When a daughter ion 

of interest elites, the low energy C IB "MS sarvey* spectrum oof yields 
a short list cf (candidate) parent icus. This list may optionally be fu 
rther filtered cr refined by various selection and/cr rejection criteria 
. such as charge state, excluded m/z values, etc. Confirmation and ideo 
tilicatioo of the targeted precotscr Icq now only requires acquisition c 
f MS-MS spectra for the (optionally further filtered) short list of cand 
idates. This achieves the same goal as traditional parent icn scanning 
without the need to scan the first mass filter, MSI, and with the added 
bonus of having acquired the full daoghei ion spectrum of the targeted p 
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r e c u r ? c r i c n . 5 p e c i f i c a t i c o c f exact product i c n m/ z values f d r t b e I e o h 
a n c e 5 selectivity. 

Precursor len Discovery based on the presence of a specific neutral cr i 
ob loss requires ititerrcgaticn of both. the lev and high energy ClU "MS s 
urvey T spectra. The lew energy spectra field a short list of candidate p 
recorsor iens. Again this short list may be (orther filtered by various 
criteria, i.e. charge state, excluded m/z values, etc. A short list of 
ro/z values with the spec 1 1 ted neutral cr ico less may now be generated. 

These m/z rahes are new searched against the high energy C I D "MS s o r r 
ey" spectrum. The precursor ion for any hits may be confirmed and ideut 
ified by acquisition cf its MS-MS spectrum. This achieves the same goal 
as traditional neutral less scanning without the oeed to scan MSI aod M 
S 2 . and again with the added beans cf having acquiicd the full product i 
on spectrum cf the targeted precursor icn. Again exact m/z values may b 
e spec i f i ed . 

The various preferred embodiments provide nunercus advantages over cenve 
uticnal techniques cf parent icn scanning, including the possibility of 
discovering the mass-to-charge rat ics cf pareuL ions and to obtain iheir 
{ cr respondi ng daughter icn spectra within on-line time scales e.g. chrc 
matography time scales, The preferred embodiments also have higher sens 
itivities than ccoventicnal parent ion scanning methods, and opea up the 
possibility cf incorporating multiple criteria into the same experiment 
for selection cf parent icn m/z values. It is also possible to disc eve 
r multiple classes of parent icn within the same experiment and the meth 
o d s can be used with mass tagging. 

A preferred embodiment will new be described with reference to Fig. 1. 
A mass spectrometer 6 comprises as ion source I, preferably an electrosp 
ray ionization source, an optional ion guide 2. a first quadra pole mass 
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filter 3. a collision cell 4 and an orthogonal acceleration i ini-c f -I I ig 
fit mass analyse I iGCcrpvratiog a reflect res 5. The mass spectrometer 6 
m a t be interfaced with a cbroraalcgraph. such as a liquid chrcmatcgr aph ( 
net shewn), so that the sample cnlcriog the iofi source 1 may be taken fr 
om r b e elnent of the liquid .c h r ciua t c gr a ph . 

The quadropcle mass filter 3 is disposed in an evacuated chamber which i 
s maintained at a relatively lew pressure e.g. less than 10"^ mbar. Tbe 
electrcdes comprising the mass filler 3 are connected tc a power supply 
wbicn generates both RF and DC potentials which determine the range of 
mass-to-charge tallies that are t raosmi t ted by the filter 3. A Iragmenta 
tioo means 4, preferably a collision cell, is disposed tc receiic inns w 
hich are transmitted by the mass filter 3. Iq particularly preferred em 
bediraents the collision cell may comprise a quadripole cr hexapcle rod s 
et which may be enclosed by a substantially gas-tight casing into which 
a collision gas., in rise, suet as helium, at goo. nitrogen, air cr methaae 
may be introduced at a pressure of between 1(T 4 and 10" 1 rabar. further 
preferably 10" 3 mbar tc 10~ 2 mbar. Suitable RF potential? fcr the elect 
redes comprising the fragmentation means 4 are provided by a power snppl 
y (not shown) . 

Ions generated by the ion soiree I pass thmgh the ion gnide 2 into the 
mass filter 3 and into the fragmentation means 4. Ions exiting from th 
e fragmentation means 4 pass iutc a I ime-c 1-f light mass analyser Oth 
er ion optical components. SEch as ion guides or elettrcstat ic leases, m 
ay be present which are not stjc*n in the figures or described herein to 
maximise ion transmission between varies? parts of the apparatus. Vane 
os vacuum pomps (act shewn) may be provider! fcr maintaining optimal ?aco 
um conditions in the deuce. The time-of-ll igbt mass analyser 5 operate 
S io a known way by measuring the transit time of the ions comprised in 
a packet of ions so that their mass-U-eharge ratios can be determined. 
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A cent re 1 mean? (net shewn) provides centre ! signals f c r i h e ran cos oow 
er SQpplies (net shewn) which respectively provide the. occcssary cperati 
ng potentials fcr the ice source 1. ico guide 2. quadripole mass filter 
3. f ragmenia t i c n means 4 and the t ime-cf-f 1 i gh t raass analyser 5. These 
centre! signals determine the operating parameters of the instrument, fc 
r example the ma s s - r c -e b a r g e ratics transmitted through the mass filter 
3 and the operation cf the analyser 5. The control meaos is typically c 
cntrolled by signals 1 r cm a computer (net shown) which may also be osed 
to process the mass spectral data acquired. The computer eao also displ 
ay and store mass spectra produced from the analyser 5 and receive anil p 
recess commands frcm aa operator. The control means may be a o t oma I i c a 1 1 
v set to perform Faricus methods and make faricis determinations without 
operator i o t e r ?e n t i c o . cr may optionally require operator ioput at viri 
cus stages. 

Figs. 2(a) and 2(b) shew respectively daughter and parent i c o spectra c f 
a tryptic digest cf A Dfl known as. alcohol dehydrogenase. The daughter i 
on spectrum shewn in Fig. 2(a) was cbtained while the collision cell vol 
tage (i.e. the voltage applied tc 1 r agmeotat Igd means 4) was high, e.g 3 
OV. which resulted io significant I r a gmen t a t i g n cf iens passing theietbr 
ough. The parent ion spectrom shown in Fig. 2(b) was obtained at lew co 
Itisicn energy e.g less than cr eqoal tc 5V. The mass spectra in this p 
articular ex amp S e were cbtained (rem a sample elating frcm a liquid care 
matcgrapb, and the spectra were cbtained sufficiently rapidly and close 
together io time that they correspond tc sobstan t i a 1 1 y the same compenen 
t or components eluting frcm the liquid ch rcma t ogr a ph . 
According tc both embodiments of the present intention, it may be dcterm 
i d e d that a predetermined daughter ion of interest say : fci example, dan 
ghter ioos haviog a m/t value of 136.1099 as shown in Fig. 2(a) are pics 
ent. This determination may be made either by an operator cr by automat 
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ic delerniiiial ico using a computer. According tc the first embodiment co 
ce this determination has been made, then the voltage applied tc the ecl 
lis ion cell is set tc lew anil a patent icn spectrum (cci respond in g tc Fi 
g . 2(b)) is acquired. 

In both embed imcn t s , the parent icn spectrum may then be analysed so as 
tc determine which peaks correspond to candidate parent iens. In Fig. 1 
( b ) . there are several high intensity peaks in the parent icn spectrum, 
e.g. the peaks at 418.7124 and 5 6 8.7 8 1 3, which are not s I bs t a fl t i a 1 1 y pr 
esent in the cci r c spend i og daughter ion spectrum. These peaks mat there 
Icre preferably be considered tc indicate candidate parent ions. 
According to both embed imcci \ . once a p i edet e rni ned daughter ion cf inle 
rest has been detected, for example, iens having a ih/e vtlie fl f 136.109 
9, and corresponding candidate parent icn(s) have been identified, e.g. 
icos baring m/z values ol 418.7724 and 568.7813, then the miss filter 3 
is set to operate as a narrow baod pass filter so as tc s i bs t a n t i 1 1 I y tr 
ansmit tc the f ragmen ta t i on means 4 enly cne ol the candidate parent icn 
s, fcr example, ions ha'iog a m/z latoe of 418.7224. The f r a gnu n t a t t c n m 
eans k is set at high collision energy, sc that a fall daughter spectrum 
fcr that particolar candidate pareot icn may be obtained, if the prede 
termiaed daughter ico of interest is present in the lull daughter spectr 
om : then it must be a product of the selected candidate parent icn. If 
the predetermined daughter icn is net present then another candidate par 
eat ion is selected. 



bads of parent i oo scano iog. 

Variablts which may be taken iotG account in determining whether partici 
lar peaks are significant may include e.g. the intensity cf the observed 
peak or the charge state of the icn (which may be deduced by a variety 



Even if a daughter icn scan is 



nt icn peaks, mnch fewer scans 



required tc be run fcr all candidate pare 
are required than in the conventional met 



(67) 



ttBI 2 0 0 2 - 1 0 0 3 1 8 



of known m e t h c d s ) . lens may also be excluded fun con side rat ion based c 
n certain criteria. 

Id relation tc bctb embodiments cf the present invent icD. it may be a p p r 
opriate to search fcr cacdidate parent icos by i g i e r r o ga t i og the daugbte 
r ion spectrum for mere than cne characteristic daughter icn. Acccr 
ding to the second embodiment of the present inrenticn, candidate parent 
ioos may be searched fcr co the basis cf a combination cf daughter ions 
aud the less of predetermined iens or neutral particles from a parent i 
oc. This may be particilarly releiant when the parent iens have been J t 
agged" with a specific mass tag. A mixture cf two ci mere parent ioos m 
ay be tagged each with a different mass tag which could be discovered b y 
simultaneously monitoring for twe cr mere characteristic daughter iens. 
Hence, parent iens from two cr mere different classes cf compounds con 
Id be discovered in tbe same set cf experiments. 

According tc the seccod embodiment spectra may be continuously acquired 
at different collision tc It ages. A particularly preferred a i r a ng count i 
s tc acquire spectra alternately at relatively high and low collision vo 
Itages. When the method is used tc analyse the oitpst of an co-tine pre 
cess sach as liquid chromatography, this method is particularly useful a 
5 alternate spectra correspond to substantially tbe same composition of 
sample elating frcm the c h r cma t eg r aph . 

A nnmber of examples will now be given tc further illustrate various asp 
ects of preferred embodiments of the present invention. 
Example 1 - Nentra 1 loss 

The huge increase in genomic sequence' infermatien available, combined wi 
th the increased seositivity and selectivity provided by mass specticroet 
ry has allowed large-scale protein identification. The analysis cf the 
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p c s t - 1 r a i) s ! a t i c d a I modi ficat icns present c n the identified p r o t e i q b is. 
however, a mere challenging problem. Currently the ap.prcach that offers 

the nest specific solution, via mass spectrometry, is precursor icn sea 
nning. When performing a precursor ion scanning experiment the nasi spe 
ctrcmeter searches for all icos that fragment tc produce a common diagno 
Stic prcdHct icn. A typical application would be tc scan thronRh a prct 
e i n digest mixture searching only for those peptides that are potential! 
j phosphcrylated. Current methods of performing precursor icn erperimen 
ts cn a known mass spectrometer (Q-TOF 2 available f rem Mierctnas s). lano 
g a iiist qnadiupole mass filter (MSl). a qaadrnpde collision cell and 
an erthogena ) time ci 1 light mass analyser (MS 2) ioTclve scaoaiog tit qo 
adrcpele of the instrnroent, MSl, over the m/z range ia which precursors 
are sought., whilst recording a fill product ion spectrnni with the time o 
f flight analyser. This approach can. however, limit the sensitivity of 

the precursor ion experiment due tc the relatively lew duty cycle cf a 
scanning quadripole. 

An experimental methodology thai allows specific post t rans lat icn a I ]y mo 
dified peptides tc be identified and sequenced daring the course of an H 
PLC experiment cn the known mass spectrometer will ucw be described. Dn 
ring this experiment the quidrspolc was operated in wideband mode. 
The samples were introduced tc the mass spectrometer by means cf a Micio 
mass modular CapLC system. Samples weie loaded onto a C18 cartridge (0. 
3 mm i 5 mm) and desalted with O.l't HCOOH for 3 minutes at a flow rate o 

to 

f 30 /i L per minute [Fig. 3). , The ten port valve was theo switched such 
that the peptides were elited cntc the analytical cclirno for separation, 
see insert Fig. 3. The flew from pnnps A and B were split to predtee a 
flow rate through the column of approximately 2 0 0 oL/m i q . 
The analytical column used was a PicGFrit™ (www.ucwcbjective.com) eclaro 
n packed with Waters Symmetry CIS (www.waters.cum). This was set up tc 
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spray directly into the mass e pec t r cmet e ; . Tbe elec tins pray potential ( 
ca. 3 k V) was applied tc the liquid Yia a low dead rclnme s t a i d 1 e s 5 steel 
uoioo. A smalt amount (ca. 5 ps i) cf nebulising gas was in.tioduced arc 
and the spray tip tc aid the elec trcspray process. 

All data were acquired a sing a Q-T0F2 quad rope I e cr the gen a I acceleration 
tine-o f-f I igfct hybrid mass spectrcmeter (FWff.fDicrcmass.cc.uk), fitted w 
ith a Z-spray d a do flew elec trcspray icn source. The mass spectrcmeter « 
as operated in the positive icn mode with a source temperature cf 8 0 °C a 
nd a cone gas flow rate cf 4 0L/hr. 

Tbe i n s t r u id € d t if a s calibrated with a nnlti-pcint calibration using selec 
ted fragment ions that resulted from the c c 1 1 i s i c o- i ad u ce d deccmpns i t i cd 
(CID) of G I u-f i br i nepept i de b. AM data were processed using the MassL 
ynx sd i it o I sc f twi r e . 

During the HPLC gradient the icstrorneot was operated io the MS mode and 
switched alternately at ooe-seccod intervals between lew and high ccilis 
ice energy with argen in the collision cell. The quad r npr, I e , MS 1 , was c 
peratcd io the rf only mode allowing the fell mass range tc be passed tc 

tbe time cf flight analyser. Tbe first data Set at lew energy (4 eY) S 
hews cnlj the ncrmal pseudc molecular iocs. The second at higher energy 

also contains their product ions (sec Fig. 4). Whenever a product ion 
cf interest ocenrred in the high-energy data, all its possible precursor 
s were present iu the corresponding lew energy data. The mass spectrcme 
tei was then switched to a MS/MS mode sequentially selecting the poreuti 
si precaisois. tc reveal the true parent. 

in the case of pbespbopept ides , bo 1 h' phosphose r i ne and phespbothr ecnine 
containing precursors may be identified as they display a neutral less o 
f 98 Da ( H 3 P 0 4 ) under high-energy conditions. Correspondingly, the soft 
ware ma y make a list of central losses from the precursors identified in 
tbe low energy spectrum. This itnohes measuring the masses cf the pre 
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c d r s c i i c o J . determining their c b a J g c states and s i b 1 1 a c t i n g the neutral 
less i.e. 97.9769 . 49.9S85 . Appearance cf the neutral loss i 
n the high energy spectrum causes the iostroment to switch into the prod 
uct too nude tc- coof irm the acatiai loss and tc acquire additional s e q d e 
oce information. The exact mass capability cf the Q-T0F2 increases the 
specificity cf the neutral less pirticiiarlr in the case cf a mass defic 
ient loss such as that observed with phosphite. Fig. 5 s h cts a schemati 
c cf a a exact neutral loss experiment. 

Fig. 6 shows the results of an exact neutral less experiment performed c 
n 1 0 0 fra ( f em i cmc I c) cf an alpha casein digest loaded en column. As can 
be seen from the MS/MS ch roraa t c g r am the instrument switched to the prcdu 
ci ion mode twice doriog the experiment, suggesting that the 830.02 (2-) 

aod 976.45 (2-) icos have exhibited a neutral less. 
Fig. 7 shews the low aod high-energy spectra at the time cf eluticn for 
the 976.46 (2-0 ion. The lew energy spectrum contains a minimum cf eigh 
t multiply charged iens. The high energy spectrum shews the complicated 

mixture of fragment ions derived Ircra the eight peptides. An expanded 
'view of m/i 910-995 is shewn in Fig. 8 and reveals that the peptide at 9 
7 6.4 6 (2 -) has Irigroenttd tc prcd uce an i c o which is assigned as a neotr 
al loss within the accurate mass window of ± 20mDa (milli Daltcn). All 

ether product ions in the spectrum have net met the criteria tc be assi 
gned as a neutral less . 

Having registered the 9 7 6.4 6 (2-) icn as ha? is? undergone a neutral less 
, the instrument then sw i t ches ( i q tc a MS/MS mode. This confirms that th 
e icn assigned as the neutral less has'arisen f r cm the 9 7 6.46 (2-) icn a 
nd is net a coincidental fragment ion produced f rem one of the ether pep 
tides present in the source (see Fig. 9). The predict icn spectrum alsc 

provides seqoence information from the phos pho r r 1 a t ed peptide (see Fig. 

10).' 
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Fig. 11 shews the neutral loss of H3 P0 4 frcia a beta casein digest pcpiid 
e detected at a cc nc e n t r a t i c a cf lOfm (f emetic 1 1) injected cn column. 
In the case ol phc sphc 1 7 r c s i ne , f r a gme b ta t i c n tc produce a neitral loss 
of H 3 P 0 1 dees net occur. It dees, however, deccrnpese tc picdace a phcsp 
hcrylated irninc n i urn ion at m/z 216 in positive ESI. The software can be 
directed tc monitor for this ico. switching tc a MS/MS mode when it appc 
ars in the high-energy s p e c t rum. 

Example 2 - Automated discovery cf a peptide ccotaining the ami d c acid A 
sparagine 



The total ion chroniatogram fox the H PLC separation and mass analysis cf 
the iryptic digest cf the protein ADH (Alcohol Dehydrogenase) is shown i 
d Fig. 12. This cbr craa tcgram was extracted from all the lew energy spec 
tra recorded cn the Q-TOF tandem MS/MS system. For this data, the Q-TOF 

was operating in the MS mode and alternating between lew and high colli 
sico energy in the gas collision cell for successive spectra. 
Fig. 13 show the mass c h r oma 1 c g r am foi m/z 87.04 extracted frcra the same 

FT PLC separatico and mass analysis as described in relation tc Fig. 12 a 
beve. The immoiiinnj ion lor the amino acid Asparagine has a m/z value ol 

87.04. This c h r cma t eg r am was extracted from all the high energy spectr 
a recorded cn the Q-TOF . 

Fig. 1 -1 shews the foil mass spectrum corresponding tc scan onmber 6 0 4. 
This was a low energy mass spectrum recorded cn the Q-TOF, and is the lo 
w energy spectrum neit to the high energy spectrum at scan 605 that ccrr 
espoods to the largest peak in the mass c h r oma t eg r am of m/i 84.04. This 
shows that the parent ion for the Asparagine immoQiam icn at tn/2 67.04 
has 1 mass of 1012.54 since it shews the singly charged ( M -r H ) ^ ion at m/ 
2 1013.54, and the doubly charged (M-2H) 4 ' ion at m/i 507.27. 
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Eiample 3 - Automated d i ? c o v e r y cf phosphorylation cf a prctein by neatr 
al loss 

Fig. 15 shows a mass spectrum from the lew eoergj spectra recorded cc a 
Q-TOF tandem MS/MS system cf a tryptic digest of the prclcifl 0-Caesin. 

The protein digest products were separated by HPLC aod mass analysed. 

The mass spectra were recorded cn the Q-TOF operating in the MS mode a 
nd alternating be t ore e o lew and high collision energy in the gas coflisic 
n cell for successive spectra. 

Fig. 16 shows the mass spectrum from the high energy spectra recorded du 
ring the Same period of the HPLC separation as that ia Fig. IS a b c r e - 
Fig. 17 sbo»s a processed acd expanded view of the same spectrum as in F 
ig. 16 above. Fcr this spectrum, the continuum data has been processed 
such to identify peaks and display as lines with heights proportional to 
the peak area, and annotated with masses cor res p c a d ing to their ceotici 
ded masses. The peak at n/i 1031.4395 is tie deadly charged (M-2H) T ~ io 
d of a peptide, and the peat at m/i 982.4515 is a dcubly charged fragmen 
t icn. It has to be a fragmeot icn since it i; not present in the low en 
ergy spectrum. The mass difference between these icos is 48.5880. The 
theoretical mass for H3PO4 is 97.9769, and the m/z value for the dcably 
charged H 3 PO/ T ion is 48 . 98 8 4, a difference cf col? 8 ppra from that cbs 
eived. 

Example 4 - Discovery of a parent icn cf a phosphor? la ted peptide by rec 
cgoitico cf a characteristic neutraMcss 

A Q-TOF 2 mass spectrometer was set lp tc acquire mass spectra, with coil 
ision gas is the collision ceil, aod with the acquisition set tc acquire 
alternate high and low energy spectra. When a daughter lea, with 2 mas 
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s difference from a candidate parcel ico correspond i q g to the loss cf t h 
e H3PO4 ion. was identified the system would automatical I y switch tc acq 
Dire the MS/MS spectrum cf that candidate parent ico. 

The following is an example cf such an acquisition. The protein a-ca<ei 
0 was digested, and 10(1 fmnl (femtcrnole) cf the digest was injected fcr 
Separation by liquid cbrcraatcgraph? before s p r a f i n g into the electrcspra 
y source cf the Q-T0F2. 

Fig. 18 shews from bottom to top the following cbrcraatogiams: (l) the Tf 
C (total ion current) c h r cma t 0 g i am fcr the low energy MS mode; (2) the T 
IC chromatogiara fcr the high energy MS mode; and (3) the TIC c b r cnia t eg i a 
o f 0 t the MS/MS mode. 

The chromatogram peals elating at 2 0.9, 2 3.5 and 25.5 minutes are c heppe 
d in the c h r oma t 0 g r arcs displayed in traces (l) and (2). This is because 

fcr these three peaks the system switched into the MS/MS mode part way 
through the elutioo of the peaks. This is indicated in trace 13), which 

shews the times at which MS/MS spectra were acquired. 
Pig. 19 shews f i cis bottom tc Up the following mass spectra: (0 the lew 

energy mass spectrum at 2 5 . 3 3 5 minutes into the run; (2) the high energ 
y mass spectrum at 25.315 minutes into the run; and (3) the full MS/M5 s 
pectrum fcr m/z range 976-978 at 25.478 minutes into the no. 
The spectrum in Uace (l) shews the lew energy mass spectrum at time 25. 
335 annates. It mainly shows the doubly charged ion (m/z 976.4) aod the 

triply charged ion (m/z 651.6) fcr a peptide with a mass cf 1952 Daltcu 
s. The spectrum in trace (2) l shcws the high-energy spectiom at time 25. 
315 minutes, and shows a new peak at m/z 92? (net labelled). This has t 
0 be a daughter icn, since it is not present to the U» energj spectrum, 

and it has a difference io m/z cf 49 from the parent icn at m/z 976. T 
his mass corresponds to lbat of the doubly charged H 3 P0 4 TT icn. The sys 
tern has automatically recognised this mass difference and switched tc re 
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ecrd the MS/MS spectrum i r cm the m/i range 9 7 6 -978. The MS/MS spectrum 
c c a I i r.m S that the peak at m/z 9 2 7 , c c r r e s p c c d i d g t c the less c f the d g u b 
ly charged r^PO^ icn, is from that parent ion at m/i 9 7 6. It also she 
ws other fragment ions dom that parent icn, thereby alleging cenfirmati 
cn of the identity c f the peptide. 
* BRIEF DESCRIPTION OF DRAWINGS 

Fig. i is a schematic drawing cf a preferred a r r a ngeme o t ; 

Figs. 2(a) and 2(b) respective!* shew typical daughter icn and parent ic 

n spectra; 

Fig. 3 s b d w s a schematic cf a valve switching a r i a ngeme n t during simple 
leading and desalting. Inset shews desorpticn ci a sample from an a n a 1 y 
t ica I column ; 

Fig. 4 shews a Q-T0F2 mass spectrometer switching, preferably, at one se 
cend intervals, between low and high collision energy with argon gas in 
the collision cell. The low energy data set shows the psendo molecular 
ions, and the high energy data set also shews their fragment iens: 
Fig. 5 shun a flew chart oi an exact neotral loss experiment; 
Fig. 6 shews results of an exact neutral less experiment cn lOOfra of ao 
alpha casein digest loaded onto a ccliirno: 

Fig. 7 shows low and high energy spectra at the time cf elation of the 9 
76.46 (2t) ion shown in Fig. 6: 

Fig. S shows an expanded view cf lew and high-energy spectra lor m/i 910 
-9 9 5 ; 

Fig. 9 sho*s confirmation of th'e neutral less f r c m 9 7 6 . 46 (2+) in prcduc 
1 ion mode; 

Fig. 10 shows an annotated product ion spectrum cf 9 7 6.4 6 (2 r) ; 
Fig. 11 shows neotral loss cf H 3 P0 4 from a digest peptide of beta casein 
at 1 0 f m in jected on column; 
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Fig. 12 shews a tctal ion chrcmatcgram cf a ADH tiypiic digest; 
Fig. 13 shew 7 ? a mass chrcmatcgrara cf 87,04 (As pa r ag i oe. immcn i cm ion); 
Fig. 14 shews a fragment T5 f rem ADH sequence ANELLINVK MW 1012.59; 
Fig. 15 shew? a mass spectrum for tb« lew energy spectra cf a tryptic di 
gest of £ -Cacsin; 

Fig. 16 shews a mass spectrum for the high energy spectra of a tryptic i 
igest of 0-Caes io; 

Fig. 17 shows a processed a d d eipaoded fie* cf the same spectrum as in F 
i*. l€: 

Fig. 18 shews chroma tog rams for a -casein: anil 
Fig. 19 shews roass spectra (or ^-casein. 
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Fig.5. 



Inject protein digest on Cap LC 




t 


Acquire low energy MS data * 






Create neutral loss mass list 







Acquire high energy MS data 




j 

Data dependant switch to MS/MS mode 
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1 ABSTRACT 

An improved met bud of pa i cot icn scans i d g is disclosed. In coe embed i roc 
ot a qoadropcle mass filter 3 upstream cf a collision cell -1 is arian^ed 

i c operate in a h i g b |) a s S made. Parent ions transmitted by the mass f i 1 
ter 3 are frafmected in the ccllisicn cell 4 and detected by an crthcgcn 
al time c f flight analyser 5 which obtains a danghter icn mass spectrin, 
ions having a mass to charge ratio below the cateff cf the mass filter 

3 are identified as daughter ions, and candidate parent ions may t h « o b 
e discovered and their identity confirmed by obtaining corresponding dan 
gbter ion spectra. In a second embodiment, the ccllisicn cell \ alterna 
tes between high and !nw 1 1 a gme n t a 1 i c o and candidate parent ions can add 

1 t i o o a 1 1 y be identified cn the basis of the less cf a predetermined icn 
or neotral pafticlt. 

2 REPRESENTATIVE DRAWING 
Fig. 1 
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